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A. INTRODUCTION 


In the modern discussions on heredity there are those 
who, without undertaking experiments themselves, as- 
sume an attitude of hostility to the work of the experi- 
mental investigators of heredity and have taken a last 
stand in the phenomena of inheritance of human skin 
color. Pearson (1909), who has urged that the collection 
of extensive statistics is a prerequisite of deductions in 
the field of heredity, has actually published the non- 
quantitative impressions of a medical correspondent in 
the West Indies concerning the method of inheritance 
of skin color in negro X white crosses and concludes that 
‘‘in view of the opinion”’ cited ‘‘the suggestion that skin 
color ‘mendelizes’ should not be vaguely made.’’ He 
thinks his correspondent’s ‘‘views’’ establish ‘‘the main 
point’’ ‘‘that the segregation in the second generation 
to pure white or black skins does not occur.’’ On the 
other hand, a writer in the Mendel Journal, No. 1, has 
also a correspondent in the zone of intermingling whose 
observations indicate partial, if not complete, segrega- 
tion. Altogether the subject seems to deserve a more 
extended, less biased treatment. 


B. ANATOMICAL RELATIONS AND KINDS OF 
SKIN PIGMENT 


The pigment of the skin, at least the melanic pigment 
which alone concerns us here, has its basis in the fine 
granules lying in the deeper layers of the stratum 
mucosum of the skin. The granules themselves are of 
mesodermal origin and the pigment cells—melanoblasts 
—seem to penetrate from below into the mucosa. Ehr- 
mann (1896, Taf. XI, Fig. 24; Taf. IX, Fig. 19) has fig- 
ured these melanoblasts in sections of the skin, both of 
brunets and of negroes. They are much the more abun- 
dant in negroes. The anatomical facts are that black 
skin pigment is made up of many discontinuous elements 
—the pigment granules. But the mosaic is so fine that, 
to the naked eye, the color is apparently uniform and a 
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unit. The anatomical differences between the skin of a 
brunet and a blond suggest that the grades of color may 
be due to more or fewer of the elements of the mosaic, 
and that would seem to be a discontinuous variation; 
but, on the other hand, since these granules increase in 
size and number during melanogenesis the difference in 
skin color between a negro, a mulatto, a brunet and a 
blond may be merely a difference in the point at which 
the essential melanogenetic process is stopped. 

Besides the melanic pigment a yellow-red pigment is 
often present in skins of all races. This pigment is 
commonly considered a lipochronie and, in hair at least, 
is quite different in structure from melanic pigment. 


C. HEREDITY OF SKIN PIGMENT IN TYPICAL 
CAUCASIANS 


The data for the study of inheritance in ordinary skin 
pigment of whites were obtained from two sets of in- 
quiries. The first set was supplied chiefly by school 
children on cards 127 mm. by 203 mm., which called also 
for data on the form and color of hair and the color of 
eyes. The second set was derived from the Family Rec- 
ords filled out for over 300 families, largely by adult 
persons, including many men in professional life, geneal- 
ogists and students, as well as farmers and men of af- 
fairs. 

The directions as to use of terms were necessarily 
brief. In the first set they ran as follows: ‘‘4. Natural 
complexion or skin color. Use terms as follows: blond, 
brunet, intermediate, yellowish-white, olive-yellow, dark 
yellow-brown (dark olive), copper colored, chocolate, 
sooty black, full black, three fourths black, one half black, 
one fourth black.’’ I willingly grant that terms are poor 
means of expressing degrees and quality of skin pig- 
ment. Nevertheless, blond and brunet are understood 
widely in the same sense and it was hoped that ‘‘inter- 
mediate’’ would be freely used in doubtful cases. This 
expectation was not fully justified, since of 1,275 off- 
spring recorded only 513, or 40 per cent. of all, were re- 
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corded as of ‘‘intermediate’’ color, while 460, or 36 per 
cent., were given as blond and 302, or 24 per cent., as 
brunet. In the ‘‘Family Records’’ the nomenclature sug- 
gested was: ‘‘Complexion or skin color: f (fair), i (inter- 
mediate), br (brunet), d.br (dark brown),’’ ete. The 
returns in the family records are for 1,098 children, of 
whom 326, or about 29.5 per cent., are given as of ‘‘inter- 
mediate’’ color; 635, or 58 per cent., as fair, and 137, or 
about 12.5 per cent., as brunet. Evidently ‘‘blond’’ is 
used in a more restricted sense than ‘‘fair’’ by the pop- 
ulation who filled out the blanks in question. All records 
together are of 2,394 children. Of these there are 843 in- 
termediates, or 35.2 per cent., 1,129 ‘‘blond’’ or ‘‘fair,’’ 
or 47.2 per cent.; and 422 ‘‘brunet,’’ or 17.6 per cent. 
We thus see that only a little over one third of the chil- 
dren are recorded as having an intermediate skin color, 
while to nearly half are assigned the term ‘‘blond’’ or 
‘‘fair.’’? The ‘‘brunets’’ are a relatively small propor- 
tion of all children in the families under consideration. 
‘‘Blond’’ and ‘‘fair’’? have certainly been used too 
broadly and this must affect somewhat the clearness of 
our results. However, taking the returns as they come, 
we shall be able to deduce certain conclusions of im- 
portance. 

In the following tables we have entered the grand- 
parental data as given. We have, however, not used in 
the statistics the grandparents as parents, not only be- . 
cause in that case only a single child of the family is 
known, but especially, because the order of accuracy of 
the grandparental data is, on the whole, inferior to that 
of the parents and children. By and large, the grand- 
parental data are highly suggestive, but exceptional cases 
must be lightly weighted. 

(a) Blond x Blond (Tables Ia, Is).—From_ two 
‘‘blond’’ or ‘‘fair’’ parents 526 children were altogether 
recorded, of which 472, or 89.7 per cent., were ‘‘blond,”’ 
40, or 7.6 per cent., were ‘‘intermediate,’’ and 14, or 2.7 
per cent., were ‘‘brunet.’’ Owing to the fact that the 
number of brunets given is very small and because it 
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TABLE Ia 
COMPLEXION: BLOND X BLOND 


| Children. 
Family Name. |———— 


| MM. 
Blond. 


1 | bl 
| | bl 


Bry. 
Bug. 
Cal. 
Cap. 
Car. 
Cla. 
Deg. 
Edw. 
Eli. 
Fay. 
Fir. 
Fou. 
Fue. 
Gra. 
Hal.—A 
Hed.—D 
How.—C 
Ker. 
Klo. 
Koo. 
Kra. 
Lav. 
Len. 
Lit.—B. 
McC. 
McG. 
Mye. 
Pad. 
Pla. 
Reg. 
Sha. 
Sim. 
Ste.—F 
Ste.—G 
Sto.—D 
Sto.—E 
Str.—A 
Str.—E 


| 
| 


| * 
| | bl 
| | | bl 


3 
2 
4 
1 
3 
1 
2 
2 
1 
2 
4 
1 
3 
1 
2 
6 
6 
3 
4 
1 
3 
3 
6 
3 
2 
7 
4 
5 
6 
6 
6 
3 
2 
1 
2 
3 
5 
2 


Totals (135)| 


to 


38 families. 


seemed likely that the rule established for hair color 
would hold here (namely, that two light parents have no 
dark children), I asked for further details from all fam- 
ilies returning dark children of two blond parents. 
Only two replies were received. In the case of a family 
returning two brunets and four blonds from two blond 
parents the new record gave the father as brunet instead 
of blond. In the case of the second family said to con- 
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| 
MF. FM. FF. 
| br bl | bl 
| i 
br 
| bl i bl . 
| | | | — | i | be 
| | bho | bho} — {| — 
| | | bl | bl | be | bh | bre | bl 
| | | | bt | bl | bl | | 
| | | bl | 
| | | bl | bl Keb 4 bl i 
| | | bl | bl blob bl bl 
| | 1 | bl | bl bl 
| 2 | bl | bl 
| | | bl | bl | | bl | Obl 
ra | | bl | bl bl bl | bl | Obl 
| | | bl | bl bl bl | — | bl q 
| | rene bl | bl | bl bl 4 
| | | bl bl bl | bl | bl bl ; 
| | | bl | bl bl | bl bl | bl 
| | | bl bl br br br | br ; 
| | bl bl — bl bl 
| ae ta bl | bl 
| | | | i | | — — 
| | bl bl bl | bl | bl {| bl f 
| bl bl ws q 
| 1 bl bl bl | bl | bh | — ‘ 
| bl | bl 
bl | bl br bl | br 
| bl bl bl | i | br 
| | | bl bl i 
| | bl | bl bl | bl | i 
| 
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TABLE Is 


Farr X Fair 


COMPLEXION: 


Children. 


Family Name. 
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| ee ae F. MM. | MF. | FM | FF. 
Fair. | Inter. | Brun. 
| 
Bar—4 38 | | f 
Bel.—1 | 2 
Bio.—1 | f 
Bra.—3 | | | | 
Bre.—2 | I 
Bro.—8 | 
Bro.—10 | | 1 | | f | | 
Che—1 | | | | | 
Com. f | | | 
Con. f | | 
Cro.—1 | 
Dol.—2 f | 
Elk.—1 f | | | 
Gie. | f | | | 
God. | 
Goo. | | | | 
Hit. | | | 
Hit. 1 || | 
How.—1 | f | | 
How.—2 | | 
Jac.—2 | | | f | | | j 
Joh.—1 | 4 
Jon.—2 | | 
Kir—1 | | 
Klo. | ne | 
Kor. | | | | 
Kra. | f | | | F 
Lan. | | | | 
Len. | 
Mar. | | | | 
Mar. | 
McC | | 4 | | | 
! f | | : 
Par. | eas | 
Pic.—1 | | 
Ran. | | | 
Ran | 1 | | 
Rec. 1 | 
Rid. | 
Roe 1 | f | | 
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| Children. | 
Family Name. | M. | 
| Fair. Inter. | 


| 


Row. 
Rud. 
Sch. 
Seo.—2 
She.—2 
Shi.—1 
Sim. 
Smi.—1 
Spa. 
Str.—2 
Sve. 
Tau.—2 
Tud.—1 
Vel. 
Ver. 
Wan. 
War.—1 
Wes. 
Wha.—1 
Whi.—1 
Win. 
Wof. 


Totals (978) 348 | 25 | 5 | 


77 families. 


| 


| 
| 


| 


| 
| 


| 
| | 
| | 


sist of two blond, one intermediate and one brunet off- 
spring, the new record gave the mother as intermediate 
instead of blond, and the brunet child as light brunet or 
intermediate, but somewhat darker than the mother. 
These two families and a third (which is inaccessible) 
comprising five blonds and four brunets, were therefore 
struck out from the blond x blond table, leaving only 
four brunets, or about 3 per cent., among the 135 off- 
spring, recorded in Table Ia. Tables Ia and Is give 9 
brunets among 513 children, or 1.75 per cent. Keeping 
in mind the probability of occasional blunders on the 
part of the recorders, it seems doubtful if these nine 
eases are properly included. The conclusion seems 
justified that when both parents have blond complexion 
or fair skin all of their children will have a similar fair 
skin. 

(b) Brunet x Blond (fair) (Table IL).—The off- 
spring of dark by light skin color is of importance be- 
cause it should throw additional light on the question of 
dominance, if any. The families of two such parents are 
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F. | MM. | MF. | FM. |. FF. : 
| | 

| 
1 L f 

f 

f f 

i f 

f f 

ij— 

f f 

| i 
| f f 

| | f i 

| f f 
| f f 
f br 
| f f j 
f 

| f 
f 
| | 
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TABLE II 
COMPLEXION: BLOND X BRUNET 


Family Name. 


And. 

Bex.—1 
Bin.—1 
Boh —2 
Boy.—1 
Bra.—3 
Bro.—C 
Bro.—5 


WARE WH HOO tomtom | Blond. | 


4 
648 
M. | F. |MM.| MF. |FM.| FF. | 8] 3 
a] | | | a | 4 
| br | bl | br It. blo) bl | bl | 
1} 1/f | br| br] f | br} br 
1 | br| f | f thet | 
| br] br] f | f 
| 3 | br | bl | br br | br br | 
| abe br| br | br| i 
| br| f | — |j— | 
Bul. | | | br| bl | bl | br | bl | bl 2 | 
Bur.-—2 | 1 | if | br | f f | br | br | 
Byn.—1 | | 1 | br | f | br f | rl f | | 
fm | bli br} i | bl] i | 1 | 4 
as. rj | r 
Cla.—1 | | | | 2 | 
Clo. | bl | br} i i | br} br | 
Cor. br | br i f | f | | 
Coz. 1 | | br | bl | i | br | br| br | 
Cuw. 1 | 1 | bl | br i bl | br! br | | 
Dye. 2} bl} i | br) br | 
Edw. | f br | f i y br | 
Fal. 1 | bl | br | bl | bl 
Gla. | br | f | br | | 
Gla —B we a | 
Goe. 1 | | f | br| br| br | br| br | | | 
Gre.—E | bl | br | br} br | br! br | 
Gri. br} bl} bl) i. br | | 
Hag. j | br} f | f | br |—j| — | | 4 | ; 
Hi—E | | br | bl | br | br | bl) bl | | 5 
Har.—D 1 | 1 | bl | br | bl | br | br | br | | 
Hof. 4/1] |bl br] bl} br | br| br | 
Hom—B | 4 2 | bl | br| bl) bh |—| — | 
Hyd.—1 4/1 | | be | br | | 
Jem. | | bl | bl be | be 
Jen. | 1| 2 | 2ibeift-|i | we | — 
Jo.—B | 3 | 8 | bl br | 
Jon.—3 | | f jd.br| f br br 
Koc—1 | i | f 
Koc.—2 bl | br | bl | i i | 
Lot.—A ' 3 2 | br! bl | br! br | br! br | 
Lym—1_ | | bl | br| br | br| bl | | 3 
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Family Name. 


| 

8 

5 | 
3 
2 

| 

| 

| 

| 

| 


2 | 
3 | 
2 
2 
1 
3 
3 
2 
2 
2 
2 
| 6 
5 
| 4 
1 
| 4 
| 3 
2 
| 
3 | 
4 | 


| 
| 


193 | 58 | | (60) 0 | 30} 31 


Total (342) | 


Total: 88 families. 70 families. v.br, very brown. 18 families. 


given in Table II, and are divided into two classes, viz., 
those containing blond offspring, on the left side of the 
table, and those containing none, on the right side. The 
division is made in accordance with the hypothesis that 
‘‘brunet’’ is dominant to ‘‘blond’’ and that the brunets 
may be of two sorts, either duplex or simplex, in respect 
to the pigmentation character. If the pigmentation fac- 
tor of the dark parent is duplex no blonds are to be ex- 
pected, but if the dark parent is simplex in pigmentation 
half of the children will have little or no black skin-pig- 
ment. By hypothesis the simplex parents should be 
about twice as numerous as the duplex. In Table II 
there are 70 families with blond children to 18 without 
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| | | | | | 
Mat. | bl br} br} br | br | 
McC. | br | f | br br | 
Mil. 2 br | — | | 
Mil.—B 4 | bl | br| bl. bl | br! br | 
Moo. | br | bl i br | i a 2 
Owe.—1 loe| fit | tw |—| — | 2 | 
Pat. | br bl | br i br br 1 3 
Pre. 2 1 | br | bl | br bl | br 
Red. br | bl | i jbl| bl 
Rei.—1 2/1 f | f ‘dbr} f | 
Rel. — |—| — 
Ril. 1 | 2 | bl | br | bl | i i | 
Sea. 1 | br | bl | bl} be || 
Smi.—E | br | bl | | 4 
Spr. 2 | bl | br | — | —)| dark 
Ste.—C 3 | bl | br } bl br i 
Ste.—2 | br f 
Str.—D bl | br br 
Syk. 1 1 | bl | br — br br | 
Tat. 1 br! bl | br bl | 
Van.—1 br f | br | f | i |2)1 
Ven.—1 i br| br | 
Vos. 2| | bl | br| i | br} br 
Wen. f 
Whi. | £ \V-br | v.br f | v.br | 2 
Whi. | br 4 
Whi.—3 2 | 2) f | br | br | 
Wil. | 2 | bl | br bl | br| br | 
Wol. 1] f | br] d.br | i | f 
Wor. | | bl | br br |—/| — 
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blonds. Some of the latter are doubtless without blonds 
by chance, owing to the small number in the family, just 
as there are 30 families in the entire 88 without brunet 
offspring or 39 without intermediates. That all of the 
families without blonds are not so by chance is probable 
from the following considerations: (a) blonds are al- 
most (11:12.8) as numerous as the other two classes 
together yet the latter are both absent in the offspring 
of only eleven families; (b) there are more large fam- 
ilies that are blondless than that are without brunets 
and intermediates, and when a large family is without 
offspring of a particular class the result is less probably 
due to chance. Finally, owing to the fact that the de- 
velopment of potential pigment is frequently retarded, 
some of the families with ‘‘blond’’ offspring would later 
be without blonds. We may conclude, then, that some 
of the blondless fraternities are so because all of their 
members have the determiner for skin pigmentation and, 
consequently, in the brunet < blond matings some of the 
brunet parents are duplex in skin pigment. But the off- 
spring of these duplex parents are not all alike; half of 
them are ‘‘intermediate’’ and the remainder ‘‘brunet.’’ 
This result suggests that brunets may carry the ‘‘inter- 
mediate’’ grade of skin pigmentation as a hidden— 
hypostatic—factor. 

In the families containing blond offspring, expectation, 
on the hypothesis of segregation, is that half of the off- 
spring shall be blond and half pigmented in full or 
intermediate grade. Actually blonds are to non-blonds 
as 193:149 or as 1.3:1. The excess of blonds suggests 
that some of them are immature and potentially pig- 
mented, the families really belonging to the right hand 
side of the table. 

(c) Brunet X Brunet (Table III).—When both pa- 
rents are brunets there may, on the segregation theory, 
be two classes of families, namely, a class in which both 
parents produce germ-cells without the pigment deter- 
miner and a class in which at least one parent produces 
no such germ-cells. In the former case only are blond 


/ 
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TABLE III 
COMPLEXION: BRUNET X BRUNET 


| 
| 


Family Name. | 


3 | 2} 2 | 


bo We bo bo 


| 
2 1 | 1 
| 


1 4 | | 


Total (96) | 42 | 11 | 43 | | | 0 | 19 | 58 


Total: 43 families. 23 families. 20 families. 


offspring to be expected. Among the 43 families of 
Table III, 20 produced no blonds, although some of them 
comprise four to seven children. Consequently it is 
highly probable that some brunets are duplex in skin pig- 
mentation. In the families that produce blonds there are 
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Alt. | 4 | be | be bl | bi | br | — 
| | | be| tr|be|. i | i 2/1 
Bal—3 | 1 | 4 | br) br br 
Ban. }2 | br] i | br | br] be 
Bay. | | | br | br | be} i | br| br 
Bro.—B 1 be | be | be | be | i 
Bu. 1 | br} be} bh be | 
Can. | | br | br | br! br | br | bl | 13 
Cla.—D 2/1 br| br| br | it! | | 
Eni. | br | br} i | br | br} br | | 3 
Fie. 3} 1] 1 br] be) i | be br] i | | 
Fis. | | br | br | br| br i | — | | 3 
Gim. | 2 | dk |dk| dk | 
Gre.—C | 4 | br] br| br| — i — | 
Hen. | | br | br | br | br | br | br | | 3 
Hen. | | | br | br | br i br | ee i | 5 
Jac.—1 2 | | 1 | br | br | br f BP pfs] 
Jor.—2 | br | br | — | — | br | br | 
Kay. | br} br | br br i br | | 2 2 
Kel. 4 | 8 | br| br | br | 
Kil. | | br | br | i — |-| 
Kub. | | br | br | be | br | bl | br | 
Lan. 1 | 2 | | br?/br?| bl| bl | bl | bl 
Lan. 2| | 2 | be| be| be| be | be | be 
McB. } | br] br) br} br | br | br 5 
McC. 2 |} 1 | br] bl | br |—| — | 
Mel. 2 | 3 | br| br | i f |br| br | | 
Mor.—A | | br | br} i i | br} br | 
Par.—B | |dk | i | br | br| br | 
Pib.—1 | | | be] br | br | br} br 
Pil.—2 | be | be. |-br | be. | | 
Pon. 2 | 1 br} be brs — 
Ram. | | br | bry} br| br | br| br 
Rob.—B br | br i i | br| br | 1 
Sin.—D | br | br | br| br | br | br | 3 
Was. | br | i be | i: | be | 2.| 
Wri. br | br | br| br | bl | i 
Wro.—B br | br | br bl | br | bl | | | ; 
You. br| br|bl| i | br | | | 
Zin. 
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only 54 children out of a total of 96 that are either 
brunet or intermediate, or about 56 per cent. of all. With 
simple segregation and dominance 75 per cent. of dark 
offspring are to be expected; the deficiency is, I suspect, 
partly due to the exclusion from the left side of the 
table of some families with both parents simplex merely 
. because they failed (in their small families) to produce 
blonds, although they were potential blond producers. 

(d) Intermediate < Intermediate (Table IV).—The 
intermediate class serves to include those whose skin 
has not the clear, transparent, pink quality of the typical 
blond, on the one hand, nor the rich dark shade of the 
brunet. It was intended to include a considerable range 
of color from 10 per cent. to 18 per cent. of black in the 
color wheel. As already stated, however, collaborators 
assigned less than a third of the offspring to this class. 

The distribution of skin color in the offspring of two 
intermediates offers, it must be freely admitted, great 
difficulties. There are several possibilities. It might 
be that the ‘‘brunet’’ type of skin color is typical for 
skin pigment. Accordingly, the intermediate condition 
may be conceived as having been stopped part way in 
color development. This stoppage may be due to the 
fact that the units essential to the later phases of color 
development are lacking, or to the fact that the stimu- 
lus to full pigmentation is weak. The first alternative 
assumes many units for pigmentation; the second, one 
unit that fluctuates widely. Again the intermediate con- 
dition might be the consequence merely of its simplex or 
heterozygous nature. If the latter were the case two 
intermediates should produce light and dark offspring 
again in nearly equal proportions as well as intermedi- 
ates. But if either of the two first-named hypotheses 
is correct, in accordance with results found by us in 
hair color, the offspring should not exceed in pigmenta- 
tion the more pigmented parent; in the same way that in 
the offspring of two blond parents the parental color is 
not exceeded. 

Table IV gives the data precisely as reported. As in 


4 
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we 
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TABLE IV 
INTERMEDIATE X INTERMEDIATE 


Children. 


= 
= 
x 
= 
= 
AY 
= 
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| | | | 
——_——_——_| bM. F. | MM. | MF. | FM. | FF. 
Fair. | Inter. | Brun. | | H 
| | 

Ave.—1 i br i 
Bal.—A 6 | i i i i 
Bal.—B 1 i i i i 
Bar.—2 2 i i i f 
Bar.—A 2 4 bd i f i i f 
Bar.—3 2 2 aa ae i i 
Bat.—B 1 2 i i i | br i br 
Bec. 5 i i i i br i 
Bec.—B oa. i i i i i = 
Bed. 2 i i i i i i 
Bre.—1 [1-333 ae i i i i i 
Ber. 2 3 i i | i i i i 
Bla. 2 2 1 i i i bl bl i 
Bra.—4 3 i i i br | i br 
Bra.—D 1 4 1 i i bl i i i 
Bro.—9 3 i i i 
Bur. 2 2 i i br i i i 
Cad.—2 i i ? f i i 
Cal.—1 } i i i br i i 
Cap. 2 i i 
Cas. 1 i i i be | 3 i 

. Cha. 1 i i i i i br 
Cla.—2 1 i i i i 
Con. i i i a oo i 
Con. 1 1 i i br bl | br i 
Con.—D i i i an eee i 
Con.—E 2 i i i che bl 
Cox. 1 i i 
Dar.—B i the i 
Dar.—D i i i : 
Dav.—1 | i i i i 
Dav.—E 1 | i i i ule 3 i 
Dol.—1 i i i i i i 
Don.—1 i i i 
Ear. 1 mig i i ae ae bl 
Eck.—1 3 3 i f 

Gan. i bl br i 
Gar. 1 ee ae i i i i i 
Gen. 2 i i 

Goo.—2 | 2 i i br wo 

Gra.—A 2 | br i 

Gue. 6 2 | fa i 

Had.—B | | dk bl 

Hal. 1 | | L of bl 

Har.—A 4 | bl 

Har.—1 | ye i 

Haw. | | | — — | 
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ar N Ae 


B 
= 
= 
= 
= 
xq 
N 


654 
Children. | | | 
Family F. MM. MF. FM. FF. 
| Fair. | Inter. | Brun. | | | | | 
Hog.—B i | bl | br] — 
Hoh. | 6 i 
Hoy. | 4 i 
Keh. | i | br | br 
Kei. 
Kun. | 1 
Lay. | | 
Lea. | 
Lit.—C | 4 | 
Loc.—A | | 
Loc.—B | 1 | | | 
Loe. | | | 
Loh. 
Los. | | 
Mac. | | 
Mag. | | 
- Mar.—B | | | 
Max. | | | 
McC.—2 | | | | 
McD. 1 | | | 
MeM. | 
Mea. | | | 
Mel. | | | | 
Mer. | | | 
MI—G | 3 | | | 
Mit.—C. | | 
4 New. | 1 | 
New. | 
Nic.—2 | | 
Nor. 
i Nur. | | | 
Pal. | | | 
| Pat—A. | 2 | | 
1 Pla. | | — | 
Ran.—B | : 
| Ree. | olive | 
i Rem. i 
Ric—C | 2 | | br 
Rin. | br 
} Rit. 1 | i 
Rob. 1 | br 
; Rog. | | | br 
| Ros. i 
Rud. | | | i 
| 2 | | i 
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Children. 


Family Name. 
Fair. | Inter. | Brun. 

Sam.—A 1 
Say. | 
Sea. 1 
Sil.—B 
Sil.—C 
Sin. 
Smi.—3 
Sml. 
Sne. 
Sob. 
Squ. 
Ste.—1 
Sti.—1 
Sto.—C 
Str.—C. 
Str. 
Str. 


= 


f 


= 


= 


bi 


r 


bo Or & 


br 


= 73 = 


— 


wR 


J 


= 


b 
b 


bo 


i 
i 
b 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
f 
i 
i 
i 


| 
| 
| 
| 
| 
| 


br 


| 


| 
| 
| 
| 
| 


Totals (591)|128 | 403 | 60 | 


the case of the other tables, a certain allowance has to be 
made for errors in reporting due to vague and incorrect 
recollection and to other mental lapses. In such fam- 
ilies as Keh., McC.—2 and Rob. the color of one of the 
parents is probably incorrectly reported. Sometimes the 
probability of the record can be tested by considering 
the associated hair color, since there is a fairly high cor- 
relation between the two. Thus in the case of the Keh. 
family both ‘‘intermediate’’ parents have ‘‘black’’ hair, 
while all but one of the ‘‘brunet’’ children have hair 
that is recorded as of some shade lighter than black. In 
the McC.—2 and Rob. families both parents and children 
have ‘‘dark brown’? hair, but, in both families, the skin 


655 | 
| | | | | 
M. | F. | MM. | MF. | | FF. 
| | | m | br 
| br 
Peg 
| br 
| 
4 
ia 
| | | 
| | 4 
ai 
Sny. | | 
Tay—D | | 
Tho. | | | 
Tre. | | | 
Tru. 2 | | 
Wal. 4 | | 4 
Wal.—2 | | 
Wan.—B | | | 
War.—C. | | | 
Wes. | 
Wil. | | | | br | 
Wil. 1 | | | br | 
wi—B | 1 | 2 | | br | 
Win. |} 1 4 | 
Wol. | bl | 
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TABLE V 
INTERMEDIATE X BLOND 


| Children. 
Family Name. - = 


| Blond. Inter. | Brun. 
Ave. | 
Bal. 
Bar. 

Bon. 

Bow. 


4 
3 
2 
4 
3 
2 
2 
2 
2 
2 
1 
3 
2 
1 
3 
3 
2 
2 
4 
1 
3 
1 
1 
1 
3 
1 
2 
2 


| 


Totals: (179)| 


44 families. 


color of the parents is given as ‘‘intermediate,’’ while 
that of all or most of the children is given as ‘‘brunet.”’ 
It seems probable that in applying the terms that were 
available the difference in skin color between parents 
and children has been unconsciously exaggerated. 


656 
M. | F. MM. MF. FM. FF. 
: 
bl i | | be | — — 
i bl i | — | i 
Dru. | i | bl i br br — 
Ege. | | bl | i bl | bl —_ 
Ewa. i i i 
Fra. | | — 
Fi—B | i bl 
Gen. | bl | i i i 
Gil—B | 1 | bl i r | bl i 
Gor—A_ | 7 | 2 bl 1 
Gse. | i | bl | br | bl | bt | bt 
Mil.—D | | bl | i | br | i | br | bl 
Mos. | i | bl | 
Pie. | | Bee | 
Ras.—B | i | bl | bl | br | — — 
Sha. | | | bl | | 4 
Str. 2 | bl | 
Suo. 7 | br | bl | — | bl 
4 Vos. 2 pad | bl | | br | bl 
Wal. 4 bl | eee | bl | bl 
Web. | 6 1 bl | | bl | br | br | br 
Wri. 3 oy | fair | i | bl | i 
i Wro—C | 1 1 | bl | bl 


= 
=) 
= 
RY 
= 


INTERMEDIATE X FAIR 


| 


Children. 


Brun. 


| 


| Fair | 


Family Name. 


Inter. 


| 
MAN mn Are ON NA A OD OD OO rt Ht 


Total (229) | 128 | 83 | 18 


46 families. 


1 Medium brown to dark brown hair. 


2¢<Black’’ hair, hazel eyes. 
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| | 
M. F. | MM. MF. | FF. 4 
Ba. | | 2 | | | | 4 
Bec.—1 | | | | 
Beh. | 1 | 
Ben.—3 | | | 
Bet.—2 | | } | | 
Boh.—1 | | 
Bon. | 
Boo.—1 | 1 
Boy. | i 
Bro.—4 
Bye.—1 | | | 
Cah.—1 | | 
Cam.—1 | | | 
Can. | 
Cha—3 | | | — | 
Cla. | | 
|| | | 
Coi.—1 | | | | | 
Cra.—1 | | | | 
Cro.—2 | | | 
Cuo. | | 
Dar.—1 31 | | 
Dow.—2 
Fox.—1 | | | 
Gar—1 | | | 
Glo. 1 | | | | | 4 
Gor.—1 | | | | 
Kas. | | 
Mor.—3 | 1 | | | 
Mun. | | | | | br | 
Nip | | | | 
Obi. | | 
Ozd. | | f 
Or.—1 | | | | | 
Owe.—2 | | 
Ram. | | 
Ree. | | | | 
Sti—2 | | | 
Tit. | | | i | a 
Wal.—1 | 1 4 
Way. | 2 | | f 
Zop. | | | 
| | | 4 
4 
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Applying no correction at all, however, practically 90 
per cent. of the offspring agree with the rule that they 
are not darker than their darker parents. Nevertheless, 
the hypothesis that intermediate skin color is sometimes 
due to the imperfect dominance of the simplex deter- 
miner must be admitted as plausible. 

(e) Intermediate X Blond.—The results of this mat- 
ing are given in Table V, showing the distribution of 
skin color in the offspring. If all intermediates were 
simplex in skin pigmentation we should expect blonds 
and intermediates in equal numbers. Also on the hy- 
pothesis that the higher grade of pigmentation is epi- 
static we should expect blonds and intermediates, but no 
brunets. The actual distribution agrees nearly with ex- 
pectation on either hypothesis: where the term ‘‘blond’’ 
is used 54 per cent. of the offspring are blonds; and 
among the ‘‘fairs’’ 56 per cent. are fair. Most of the 
remainder are ‘‘intermediate,’’ the exceptions consti- 
tuting only about 6 per cent. of all offspring. In some 
of the most aberrant families, like Dar.—1, one finds in 
the hair color reason for doubting if classification was 
always made with judgment. It seems probable that 
when the parentage really falls into this class brunet 
offspring rarely, if ever, occur. 

(f) Intermediate X Brunet (Table VI).—If intermedi- 
ate skin color is simplex then brunet is duplex and ex- 
pectation is that half of the offspring shall be brunet, 
half intermediate and there shall be no blonds. But if 
intermediate and brunet represent two different stages 
of pigmentation either of which may be epistatic to 
blond, then a certain proportion (sometimes less than 25 
per cent.) of the offspring should be blonds. Actually 
there are many blonds (about 24 per cent. of all off- 
spring) and consequently the second hypothesis is fa- 
vored again. 

Of the 80 families 39 have no blond offspring; we may 
inquire if the ancestry of such families differs in the 
proportions of the blonds from those that produce blond 
offspring. We find that in the families with blond off- 
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TABLE VI 
BRUNET X INTERMEDIATE 


Blond | Inter. Brun. | M. | 

or Fair. | 

Bea. 3 2 

Bis.—2 1 

Boh.—3 5 
2 


Family Name. 


Boy.—2 
Bro.—7 
But. 
Clu.—A 
Clu.—B 
Con. 
Cur.—A 
Cur.—1 
Dav.—A. 
Dep. 
Dev. 
Dey.—A 
Don. 
Don.—B. 
Dow.—1 
Dru.—B 
Eas. 
Fyt. 
Gar.—A 
Gar.—1 
Gan, 
Get. 
Gil. 
Gla.—A 
Gra.—D 
Gre. 
Had. 
Han. 
Har. 
Hay. 
Hen.—A 
Hew. 
Hir. 
Hit. 
Hop. 
Jor.—1 
Ker. 
Kro.—1 
Leo. 
Lon.—C 
Lue 
McG. 


Ne | 


| ow] | 


DNR 


| 


be 


5 = 


659 a 
F. | MM. | MF. | FM. | FF. 3 
bl | bl | i 
i | br | br a 
| | be: | be br i 
| 
3 | | Ez bl 
| bl | 4 
br 
br 
i | be | bl | br | bl 
br id 
i 
br 4 
f 
| br a 
| 
| | ; 
| | 
| 
| | | 2 | br! i | bl | br | 4 
| 2 | br | be | 4 
| 
i 
McK. | 
McL. | 
McG. 
Mar. q 
Mil.—A. 1 | 
Mit.—C. a 
Nic.—A 1 
Nie.—1 | 
Oe. | 
Pal q 
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| } 
Family Name. | Blond | {nter. | Brun | 
or Fair.! | 


pate pate tate tate pate pate 


| tate tate 


om 
= 


6 


| 
Totals (307) 73 | 129 | 105 | | | 


80 families. Certain grandparental terms are printed in italics to indi- 
cate our doubt as to their correctness. 


spring 24 per cent. of the known grandparents are re: 
corded as blond or fair, whereas in families without 
blond offspring only 13 per cent. of the known grand- 
parents are blond or fair. In families with blond off- 
spring 9 of the 34 complete sets of grandparents (or 
26.5 per cent.) show blondness on both the paternal and . 
maternal side, whereas in families without blond off- 
spring, of the 36 complete sets of grandparents only 4, 
or 11 per cent., show blondness on both sides, and the size 
of the families in these four cases is small, viz., 2, 2, 2, 
4, so that there is a large chance that the families are 
potentially blond producing and really belong in with 
the blond producing families. It appears, then, that 
both the intermediate and brunet parents may contain 
hypostatic blondness, and where they do they will have 
blond offspring, but not otherwise. 

If the brunet parent is, in any case, duplex-brunet and 
contains no hypostatic intermediate or blond then ex- 


Pyn. br i br i br 
Ric.—3 2 | “br br br i 
j Roc. | 3 earn br | br 
Rol. | | 
Say. = 

Ser. bl | br br 
4 Spi. i 
Ste—D i | i 
Sto.—B br 
Tho. br 4 i 
Tre. br | i 
Tue. 2 | cbr 
Way. — | i i 
Wei. 1 | br | bl br 
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pectation is that all of its offspring shall be brunet. 
This condition is apparently not realized even in the 29 
families that yield no blonds. Only in seven cases are 
both [grand] parents of the brown parent ‘‘brunet,’’ 
but there is no evidence that they were not simplex. At 
any rate, in all these seven cases some ‘‘intermediate”’ 
offspring were produced. 

(g) Comparisons.——The relations of the foregoing 
facts are better brought out by the compact table where 
the results of the various matings can be compared. 


TABLE VII 
Tur NUMBER AND DISTRIBUTION OF THE OFFSPRING OF VARIOUS MATINGS 


Frequency. 
. | Blond. | Inter. | Brun. | Blond.| Inter. | Brun. 


Proportions. 


= | 


Blond X blond 469 | 35 | 914 68 | 18 
Blond Xintermediate 224; 158 | 54.9 | 38.7 | 6.4 
Blond X brunet 193 88 | | 47.9 | 21.8 | 30.3 
Intermediate Xintermediate . 128 | 403 21.8 | 68.5 | 9.7 
Intermediate X brunet 73 | 129 | 23.8 | 42.0 | 34.2 
Brunet X brunet 42| 30 | 24.3 | 17.3 | 58.4 


1,129 | 843 


Considering alone the proportions of blonds in the 
families of the various matings, some striking figures are 
obtained. Three classes appear: 

I. Class comprising about 90 per cent. blonds ap- 
proaching 100 per cent.—blond x blond (91.4 per cent.). 

II. Classes in which the blonds constitute approxi- 
mately 50 per cent.—blond x intermediate (54.9 per 
cent.), blond * brunet (48 per cent.). 

III. Classes in which the blonds constitute approxi- 
mately 25 per cent.—brunet < brunet (24.3 per cent.), 
brunet < intermediate (23.8 per cent.), intermediate x 
intermediate (21.8 per cent.). 

In the first class neither parent shows skin pigment; 
in the second class one parent only shows such pigment ; 
in the third class both parents show skin pigment. The 
proportions of blonds in the first class are those ex- 
pected from Mendelian crosses of R <x R; of the second 
class those expected from R x DR crosses, and of the 


f 

i 

3 

4 
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third class those expected from DR x DR matings. 
Shall it therefore be concluded that all brunets as well 
as intermediates are simplex in skin pigment? This 
does not follow; but it does seem to be a fact that duplex 
‘‘brunet’’ and ‘‘intermediate’’ are not common;' indeed 
so uncommon as not to alter materially the proportions 
that would be given on the hypothesis that they are al- 
ways simplex. 

The principle of the non-transgressibility of the upper 
limit to which we have called attention elsewhere? seems 
to hold for skin pigment also although the result is less 
clear-cut, probably because the terms were less accu- 
rately assigned. To see how closely the law holds Table 
VIII has been constructed. The three cases: (a) darker 
parent blond; (b) darker parent intermediate; (c) 
darker parent brunet—are chosen and the distribution of 
offspring in each case indicated at the right. 


TABLE VIII 


SHOWING THE DISTRIBUTION OF THE DIFFERENT CLASSES OF SKIN COLOR IN 
THE THREE CASES WHEN THE DARKER PARENT IS BLOND, 
INTERMEDIATE AND BRUNET 


| Offspring. | 
Proportions. 
Grade of Darker Parent. Frequency. | 


Inter. | Brun. | Blond. | Inter. | Brun. 


| Totals. | Blond. | 
513 | 469 | 35 | 9 | 914| 68| 18 
996 | 352 | 561 | 83 | 353 | 563 | 83 


Brunet... . | 883 | 308 | 247 | 328) 34.9 | 28.0 | 37.1_ 


Table VIII shows that exceptions to the rule of de- 
limitation are, considering the vagueness of terms,’ rela- 
tively rare, only about 8 per cent., and, consequently, the 
rule seems verified. 

The sis;nificance of the intermediate grades of skin 
color is a question of prime importance. There is some 
evidence, for example in Table IV, families Har. A, Keh. 


1For examples of probably duplex ‘‘ brunet ’’ see Table III, Eni, Hen, 
McB, Ram. Of duplex intermediates there seem to be examples in Table IV, 
Bal.—A, Dol.—1, Don.—1, Ran.—B, and Ree; and in Table V, Suo. 

7G. C. and C. B. Davenport, 1909, p. 208. 

* The proportion would be substantially reduced were returns that show 
intrinsic evidence of error eliminated. 


q 
q 
it 
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and Rob., that the intermediate condition is sometimes a 
simplex or heterozygous condition. But, in most cases 
the evidence is clear that the ‘‘intermediate’’ grade (or 
grades) is simply epistatic to blond and hypostatic to 
brunet and that intermediate may carry, and usually 
does carry, hypostatic ‘‘blond,’’ while brunet may carry, 
and usually does carry, either or both hypostatic blond 
or hypostatic intermediate. There is uothing unpre- 
cedented in the conception that a given condition may be 
in some cases simplex and in others act as a unit. Some 
cases of barring in the plumage color of poultry belong 
to the one category and others to the other. 

The meaning of the case of skin pigmentation, like that 
of hair pigmentation, is not perfectly clear. There is a 
possibility that pigmentation stops at certain well-de- 
fined points, each of which is determined by an hered- 
itary unit; on the other hand, it seems even more prob-: 
able that there is a continuous gradation in depth of 
pigmentation and that the strong internal conditions 


that lead to deeper pigmentation dominate over the 
weaker conditions. In the one case the varying char- 
acteristic is composed of a series of steps; in the other 
of an inclined plane. But a series of steps can not be 
distinguished from an inclined plane if the steps be taken 
small enough. 


D. HEREDITY OF SKIN PIGMENTATION IN 
CROSSES BETWEEN WHITES AND 
NEGROES 


The behavior in inheritance of the very dark skin pig- 
mentation characteristic of negro races now deserves 
consideration. It is remarkable that despite the abun- 
dance of material available the facts of the inheritance 
of pigmentation in such crosses should have remained 
so long in dispute. To settle the question whether segre- 
gation occurs, two essential conditions must be met. 
First, the parentage of the children must be unques- 
tioned and, second, the degree of pigmentation must be 
quantitatively expressed. Through the kind coopera- 


q 
4 
4 

i 
| 
i; 
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tion of correspondents in the south and above all of Pro- 
fessor H. E. Jordan, of the University of Virginia, who 
furnished all of the quantitative data, I am able to meet 
these conditions. 

The quantitative data were obtained by means of the 
Bradley color top, using the standard colors of the Mil- 
ton Bradley Company, of Springfield, Mass. The num- 
bers given are percentages of the entire area of the disc 
occupied by the corresponding colors on the revolving 
dise. All color determinations were made of the dorsal 
aspect of the forearm slightly above the wrist. The de- 
terminations by the color top indicate that human skin 
color is obtained by mixing black (N), yellow (Y), red 
(R) and white (W). The first constituent is the melanic 
pigment, the second probably is due to a lipochrome pig- 
ment so wide-spread in animals and found in the human 
hair and iris, the red is chiefly that of hemoglobin; and 
the white is reflected from the opaque skin. The color 
formula of the skin of the wrist of a slightly tanned 
‘‘white’’ skin—the writer’s—is as follows: 


N Y R WwW 
8 9 50 33 


The determinations by the color top are fairly deli- 
eate. The formula 10-12-41-37 gives a decidedly dif- 
ferent color from the foregoing and not red enough for 
any wrist-skin. The skin color of a very dark negro, 
about 18 years old, measured by Dr. Jordan gave: N 75, 
Y 3, R 20, W 2. Dr. Jordan thinks the skin color of this 
boy’s face would be given by N 90, R10. Another black 
negro is given by N 68, Y 2, R 26, W 4. 

We may now consider the pedigrees of skin color col- 
lected by Dr. Jordan. 

As to the question of legitimacy, Dr. Jordan writes: 
‘‘There isn’t the least doubt, I think, about the legitimacy 
of the children in the families of ‘H.,’ ‘W.,’ ‘J.’ and ‘F.”* 

5 The quantitative data on this family were not obtained, as the members 
were too inaccessible. The ‘‘C.’’ family was obtained after Dr. Jordan’s 


letter was written, and his remarks are doubtless applicable to that family 
also. 
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q 
i 


No. 527] 


(white) = (negro) 


& (mulatto ; = 


* color of 
son’? ) 
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W. FAMILy 


3 (mulatto) 2 (mulatto) 


(mulatto; color (mulatto) = ? (mulatto) 
of 12-year old grand- 


daughter ) 


& (mulatto ; = 9 (mulatto, ‘‘ very dark’’; 
13-17- 85-85) | 45-12-33-10) 


19 yrs. 
absent ; 
color of father”’ 
12-year absent 

old sis-! 

ter 


17 yrs 


(mu- = (mu- 
latto) latto ? 


(mulatto, color= (mulatto) 


of ‘‘ Harry ”’) 


15 yrs. 
“color of N 25 46 31 6 
Y 20 a 
R 30 
W 25 


(white)= ? (negro) 


12yrs. 10 yrs. 8 yrs. 
15 4 
80 30 


24 60 


H. FAMILY 


(negro)= 9 (white) 3$(?)=9(?) 


$ (mulatto) = ? (mulatto) 


“Harry” 
brown mulatto 
36-14-32-18 


; yellowish = 9? Light mulatto 
302-0-32-18 


(22 yrs.) (20 yrs.) 

30 absent, a 

20 little lighter 

32 than father ; 

18 slightly 
darker than 
oldest sister 


(mulatto) = (mulatto) 


& (mulatto; color= 


of Charles) 


‘‘Charles”’ ; 
mulatto 
43-13-22-22 


é 
(18 yrs.) (8 yrs.) 
absent, 39 
skin color 
like 20- 
year-old 
brother 


C. FAMILY 


2 
(white) =(mulatto) (white—(negro) 
and 


? 
(white)— negro 
Indian ) 


(mulatto; lighter (mulatto = 9 (mulatto ; 
than Charles) lighter than | color of 
Chas.’ wife) | Charles’ wife) 


dark yellow = 9 (mulatto; slightly ruddier 
than Charles) 
34-17-36-13 


665 
7yrs. Syrs. 
33 33 § 
17 16 
35 28 
25 33 
| | 
i 
(6 yrs.) 
28 
18 
32 { 
22 { 
(16 yrs. ) (15 yrs.) (7 yrs.) (5 yrs. ) (3 yrs. ) 
31 85 32 30 31 
17 15 17 21 20 
32 35 31 31 33 
20 15 20 18 16 _ 
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? 2 2 2 
(white)= (mulatto) (white) = (negro) (white) (white) (negro) (negro) 


(mulatto = (mulatto lighter (white) = Q (negro) 
colorof John)| than John) 


‘“John”’ (mulatto) = (almost white) 
29-20-33-18 | ‘  13-15-36-36 


(27 yrs.) (23 yrs. ) (21 yrs. ) (18 yrs. ) (11 yrs.) 
10¢ 10* 8.5 absent ; 28 
5 5 darker 17 
37 36 than John’’ 33 
brother 48 49 22 


Dr. F—— for years a resident of this section, and health 
officer of C , supports me in this belief. Moreover, I 
have explained to each family the necessity for my study 
of absolute certainty on this point, have asked them the 
direct question, and each about the other, and can get 
only the assurance that the family life in each case is 
entirely chaste. One man is a minister, one principal of 
the colored school, one a thriving merchant and one a 
barber, and all seem considerably above the grade of 
morality and intelligence of the ordinary stupid and ir- 
responsible negro. I think you may be absolutely cer- 
tain regarding the chastity of the several mothers con- 
cerned.’’ Those who know Dr. Jordan will appreciate 
the better the great weight to be given his conclusion. 
It seems to us we may proceed to discuss these cases as 
experimental data. 

Of the four families the W. family is, perhaps, the 
most striking. The father, the grandson of a white man, 
has himself a grade of pigmentation (black, 13 per cent.) 
no darker than that of a brunet. His wife is very dark 
(black, 45 per cent.). The children range from white 
(black, 6 per cent.) to as dark as the mother (46 per 
cent.). The entire series of percentages of black runs: 
6, 23, 25, 31, 32, 33, 46. We have here 1 light inter- 
mediate; 5 of mulatto tint and 1 ‘‘very dark.’’ None of 


* These measurements were made an hour apart, after shifting of the color 
discs and the later without recalling the earlier measurement. 


‘ 
i 
q 
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the children show a significantly greater pigmentation 
than the darker parent, and one is lighter than the 
lighter parent. There is clear evidence of segregation 
of the skin pigmentation. 

The J. family is important because of the mating of 
an ‘‘almost white’’ first generation mulatto with a male 
mulatto who is more than twice as dark. Of the four 
children measured three are nearly white, whiter than 
the mother, and one is as dark as the father. The series 
runs: 8.5, 10, 10, 28. A segregation of practically white 
and half dark (grandparental colors) takes place here 
also. 

The H. family has also several points of interest. A 
lighter and darker mulatto parent (black, 30 per cent. 
and 36 per cent., respectively) from four mulatto grand- 
parents have children ranging in amount of black pig- 
ment from 27 to 39; these extremes being somewhat 
lighter and somewhat darker, respectively, than the pa- 
rents. No white appears. This result is like that ob- | 
tained in many Caucasian families with ‘‘intermediate’’ 
skin color; where two ‘‘intermediate’’ parents (that 
apparently do not have hypostatic ‘‘blond’’) breed true. 
They behave like ‘‘pure dominants.’’ 

The C. family gives much the same result. Two second 
generation mulattoes of rather dark type have children 
of this dark type only. None of them exceed the darker 
parent; some of them run lighter than the less pigmented 
parent. These parents also seem ‘‘pure dominants,”’ 
or, better, contain no hypostatic white. 

The significance of the data of these four families is 
perfectly clear in view of the studies that we have made 
on the inheritance of hair and skin color in ‘‘Caucas- 
ians.’’ There are many grades of pigmentation—more 
or less definite stopping points, perhaps, in a continuous 
pigmentation process. A tendency to proceed far in the 
pigmentation process is dominant over the less progres- 
sive condition, but imperfectly so. Consequently, first- 
generation mulattoes are not as dark as the negro pa- 
rent. Whether in the offspring of two such mulattoes 
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the ‘‘extracted dominants’’ would ever return to the 
original pigmentation of the dark negro parent is doubt- 
ful; first, because neither ‘‘white’’ nor black is a single 
unit. Only in rare instances will the ‘‘extracted’’ blacks 
be free of some white unit. We are dealing in this case 
not with two unit characters only but perhaps with a 
myriad of them. A chance combination of a lot of lower 
grades will give ‘‘white’’ skin; a combination of ‘‘dark 
units’’ free of any ‘‘white units’’ would give a dark 
skin, but most of the offspring will show the various 
intermediate grades due to diverse combinations of the 
black and white units. As a rule, even in the first hybrid 
generation, the darkest grade that is potential in the 
protoplasm tends to show in the offspring; and so, as a 
general rule, offspring are rarely darker than the darker 
parent. 

To the foregoing quantitative data may be added 
some qualitative evidence concerning inheritance of 
skin color in black < white crosses. This testimony is 


all that I have been able to collect of a definite nature 
and it has all come from persons possessed of negro 
blood. 

Professor W. E. DuBois, of Atlanta University, 
Georgia, writes: 


Strictly speaking a mulatto is a child of a white person and a full- 
blooded negro. . . . [Their] children are liable to vary greatly. ... 
They might be light in color or dark in color . . . or freckled, with 
red curly hair. 


Maj. R. R. Moton, of the Hampton (Va.) Normal and 
Agricultural Institute, writes : 

Mulatto parents very often have children that are practically white . 
so far as external appearances are concerned, and the same parents 
may have children that are black or very dark brown. This is very 
common. Indeed, I think it is more often that the children vary 
than not. 


He cites three examples, all of families whose fathers 
hold positions of trust in Hampton; two in the institute. 
A. ‘‘is a mulatto and so is his wife. Their first child was 
a girl . . .a distinct blond in hair and complexion. 
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The second child was very dark, darker than either 
father or mother.’’ B. ‘‘is a mulatto and his first wife 
was a mulatto. Their first child, a girl, was ... just the 
complexion of the father and mother. The second child, 
a boy, was very dark.’’ C. ‘‘is a mulatto, and his wife is 
also a mulatto. Their first child, a girl, is darker than 
either mother or father; not black, however. The sec- 
ond, a boy, is much lighter than either mother or father ; 
almost white. The third, a girl, is a distinct blond with 
Saxon eyes and complexion.’’ 

Professor T. B. Williams, of Hampton Institute, 
writes: 

I know two large families in which both parents in each family are 
practically white. All of the children are like the parents, practically 
white. In fact some of them have left home and are “ passing for 
white ” in other sections. 


These cases are important as indicating that the lower 
grades of pigmentation do not produce the higher grades 
(except that some mulatto tints produce darker children 


by extraction of the white). Professor Williams con- 
tinues: 


In another family the mother is practically white, the father, a 
mulatto, is darker. They have six girls. Five of them are practically 
white; one is a very light yellow. In another family the father and 
mother are as nearly pure mulattoes as are commonly found. One 
parent is in each case, I am pretty sure, white, and the other in each 
case is a pure or nearly pure negro. The children of this couple vary 
from the parents both ways. The older child is fairer than the parents 
and even has blue eyes, while theirs are dark. The younger child is 
darker than the parents, though not “black, or nearly so.” I could 
multiply these illustrations may times. There are, too, settlements of 
mulatto people who for some generations have taken pains not to 
marry among darker colored people but have gone on intermarrying 
yet I have never seen a black person as a result of these unions. 


In addition te these data from colored people we have 
the following from Professor H. V. Wilson, of the Uni- 
versity of North Carolina. The family was reported to 
him by a physician. 

Parents, fairly light mulattoes. Woman virtuous. Several children. 
All children but one, the ordinary type of mulatto; characteristics inter- 
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mediate between negro and white. One child shows segregated char- 
acters, has blue eyes and other characters close to those of white race. 


Finally we give sundry fragments of pedigrees fur- 
nished by two reliable and highly intelligent colored per- 
sons. Owing to the slight social sentiment among most 
colored persons against unchastity, they have little mo- 
tive to hide from one another the facts of parentage of 
children. Consequently the facts as given below are 
probably correct. 

B. FAMILY 


(white brunet ; = 9? colored; dark $ white; Caucasian = 9? colored 
Jewish) brown } light brown 


& yellow = 9 brunet Q yellow 


brunet blond 
E. FaMILy 


‘‘colored’”’ = 9 ‘‘colored’’ Caucasian = ‘“‘colored’’ 
mulatto | light white mulatto 


é very light = ¢ white 
almost 
white 


E. 

white ; 

blond hair 
G. Famity 


$P.G. =9EG. =9EG. 


colored colored Caucasian mulatto 
brown very light white ~~ brown 


= 9M.G. 
very light | mulatto brown 


x) 
mulatto light mulatto light 
brown brown 


P. FaMILy 


& ‘‘colored’’ = 9 M. H. ‘‘colored’’ $ Caucasian = 9 Caucasian 


white | brown white | white 


3G.P. 


mulatto white 


Joe 


white 


| 
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S. FaMILy 
=9 A. W. = 9 ‘‘colored’’ 
Caucasian colored ”’ mulatto 
brunet dark brown white | lightyellow aie 


light brown yellow ‘ | colored 
white yellow 


éc.s éF.S. OM.S. oS. 8. 
whi te brown white light brown 


W. FaMILy 
oJ. W. $RB =O9A.W. 


Caucasian colored colored and 
blond white brunet dark brown brown Indian brown 


ren light dark brown 
lond 


white dark brown 


The following families are the product of North Amer- 
ican Indian and white crosses. 
Bes. FAMILY 
$A.B=9 EB. 


4 Indian | white 
brunet | blond 


| 
M. B. B. ON. B. 
brunet brunet brunet 


Coo. FAMILY 
$?="A. E. 


interm. 


blond, blond 


In some of these families segregation is apparent, 
notably, in B., G. and S., and Bes and Coo. 

Finally, we may refer to an observation made by 
Louis Agassiz (1891, p. 532) in Brazil which bears upon 
the matter of segregation, both of skin color and other 


blond blond 
o?=90. 
. very lig ndian 
brown 
$D.C.=9N. M. 
very brown 
1 1 
9 D.C é F.C. E.C. I.C. 
interm. dark light 
twins 
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characteristics. After referring to the striking differ- 
ences between the white x negro, the Indian x negro 
and the Indian « white hybrids, and stating that the 
Indian characters are the more deeply impressed on the 
offspring, he says: 

I have known the offspring of an hybrid between Indian and negro 
with an hybrid between Indian and white resume almost completely 
the characteristics of the pure Indian. 

The conclusion from these various data, qualitative as 
well as quantitative, is that skin color in negro < white 
crosses is not a typical ‘‘blend’’ as conceived by those 
who oppose the modern direction of research in heredity, 
but that, on the contrary, the original grades of heavy. 
and slight melanogenesis segregate in the germ cells— 
often imperfectly because of the multiplicity of units (or 
grades) for skin pigmentation—and thus the original 
color characters are more or less perfectly restored. 
All studies indicate that blonds lack, one or more units 
that brunets possess; that the negro skin possesses 
still additional units; that individuals with the heavier 
skin pigmentation may have slight pigmentation covered 
over—hypostatic, evidence of this condition appearing 
in the light offspring of such hybrids in the second or 
third generation; and that first-generation hybrids fre- 
quently show, somatically, a color grade less than that 
which they carry potentially and may segregate in their 
germ cells. 

( To be concluded ) 


THE COLOR SENSE OF THE HONEY-BEE: CAN 
BEES DISTINGUISH COLORS? 


JOHN H. LOVELL 


Can bees distinguish between differently colored floral 
leaves? If they can not, then, a polychromatic flora 
possesses no advantage over one in which the flowers 
are all of the same hue. In the Alpine flora, says Ker- 
ner, on the heights above the tree-line, there is actually 
no spring and no autumn, only a short summer following 
a long winter. All the flowers have, therefore, to blos- 
som in a short time. ‘‘ White and red, yellow and blue, 
brown and green, stand in varied combination on a 
hand’s-breadth of space.’’! These color contrasts, it is 
believed, enable bees easily to remain constant to a single 
plant species so that pollination is effected to the mutual 
advantage of both insects and flowers. If the flowers were 
visited indiscriminately, regardless of their form, much 
pollen would be wasted and not a little time and effort 
would be lost. Genera adapted to bees, according to 
Miiller, display a variety of colors, especially when they 
bloom simultaneously in the same locality, as Aconitum 
lycoctonum yellow, A. napellus blue; Lamium album 
white, Z. maculatum red, Galeobdolon luteum yellow; 
Salvia glutinosa yellow, S. pratensis blue; Pedicularis 
tuberosa whitish yellow, P. verticillata purple. 

If the different colors were evolved, as I believe, because of the power 
and necessity in bees of discriminating between them then it is not 
wonderful to find represented among bee flowers not only white, yellow, 
red, violet, blue, brown and even blackish (Bartsia) in the most varied 


degrees, but also to see several colors in the same flower combined in 
manifold ways. I mention only Polygala Chamebucus, Viola tricolor, 


*Kerner, Anton, ‘‘Natural History of Plants,’’ translated by F. W. 
Oliver, 2, pt. 1, 198. ‘Also see Plate XII., ‘‘ Alpine Flowers in the Tyrol,’’ 
drawn from nature by E. Heyn. 
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Cerinthe major, Galeopsis versicolor, Astragalus depressus, alpinus and 
many other Papilionaces.’ 

On the other hand, it is asserted by Plateau that all 
natural flowers might be as green as their leaves without 
their pollination by insects being compromised ;? while 
in the opinion of Bethe bees are mere reflex machines and 
have no senses, or ability to make experiences and modify 
by them their actions.t If either of these extreme claims 
is admitted, it is evident that a variety of colors can be 
of no benefit to flowers. It seems desirable, therefore, to 
consider what experimental evidence is available to prove 
that bees can distinguish differences in color. 

It was first shown by Lubbock (Lord Avebury) that 
honey-bees can distinguish between ‘‘ artificial ’’ colors, 
or slips of paper of different hues. An account of his 
experiments is given at considerable length in his well- 
known book on ‘‘ Ants, Bees and Wasps ’’; but, as they 
were performed more than thirty years ago, I shall de- 
scribe a number of experiments made myself, in some of 
which the conditions have been varied. I shall endeavor 
to show not only that bees can distinguish between the 
colors of papers, of flowers and of painted hives, but that 
they can learn not to discriminate between them, when this 
is for their advantage. Their behavior in detail will like- 
wise be carefully recorded. 

On a pleasant September morning I accustomed a yel- 
low (Italian) bee to visit a strip of blue paper® three 
inches long by one inch wide. To prevent the paper from 
blowing away or becoming soiled it was covered with a 


* Miller, Hermann, ‘‘ Alpenblumen,’’ p. 500. Knuth, Paul, ‘‘ Handbuch 
der Bliitenbiologie,’’ 1, 141, or ‘‘ Handbook of Flower Pollination,’’ trans- 
lated by J. R. Ainsworth Davis, 1, 117. 

* Plateau, Félix, ‘‘ Les insectes et la couleur des fleurs,’’ L’Année Psy- 
chologique, 13, 79. 

* Buttel-Reepen, H. v., ‘‘Are Bees Reflex Machines?’’ translated by 
Mary H. Geisler, p. 3. Bethe, Albrecht, ‘‘Diirfen wir den Ameisen und 
Bienen psychische QualJitiiten zuschreiben?’’ p. 86. Emil Strauss, Bonn, 
1898. 

*The colored papers used were obtained from thé Milton Bradley Co., 
Springtield, Mass., and were produced in pure spectrum colors by having 
the surface coated. Stained papers have the colors somewhat broken. 
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transparent glass slide of the same dimensions, upon the 
center of which a small quantity of honey was placed. 
These slides are used for mounting microscopic objects, 
and may be obtained of any dealer in optical instruments 
for a trifling sum. 

After the bee had made a number of visits to the blue 
paper, a red slide of the same dimensions, and prepared 
as described above, was placed six inches to the right of 
it. An equal quantity of honey was also placed upon the 
center of this slide. When the bee returned from the 
hive it alighted on the blue slide, which still remained in 
its original position. 

On the departure of the bee for the hive the slides were 
transposed, 7. e., the red put in the place of the blue and 
the blue where the red had been. When the bee returned, 
and no longer found the blue paper in its usual position, 
it flew back and forth, examining both slides, paused for 
a second or two on the red, then resumed its flight, but 
finally settled on the blue. A little later it flew up into 
the air, but soon returned to the blue; then it flew across 
to the red, where it remained for the rest of its visit. The 
change in the position of the blue, and the discovery of a 
differently colored slide also bearing honey, evidently 
disturbed the bee; and its frequent flights showed that 
it was endeavoring to orient itself to these new condi- 
tions. As will now appear it did not find it necessary to 
repeat this course of reconnoitering. 

While the bee was away I transposed the slides for a 
second time, the distance apart being as before—six 
inches. The bee returned directly to the blue. Twice it 
left the blue for a few moments, but each time returned 
to it. 

When the bee left for the hive, I again transposed the 
slides; the bee returned to the blue. The bee left for the 
hive, and I transposed the slides. It returned to the blue. 

While the bee was away I transposed the slides for the 
fifth time. The bee returned to the blue. Then it left the 
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blue slide, flew across to the red, but at once returned to 
the blue. 

The bee left for the hive and I transposed the slides. 
On its return it circled about as though in doubt and 
presently disappeared from view; but a little later it re- 
turned and settled on the blue. While taking up its load 
of honey it left the blue three times, but in each instance 
returned. 

The bee left for the hive and I transposed the slides. 
It returned to the blue. 

The bee left for the hive and I transposed the slides 
for the eighth time. On returning the bee hovered close 
to the red, and then went to the blue. 

As soon as the bee returned to the hive, I transposed 
the slides for the ninth and last time. When the bee 
came back, it alighted after a little hesitation on the blue. 
It left once and flew across to the red, but soon returned 
to the blue. Left a second time but soon returned. Then 
it flew into the room, and on being released went back to 
the hive. 

There can be no question that in this experiment the 
honey-bee was able to distinguish the ‘blue color from the 
red. I repeated the experiment many times and varied 
it in many different ways, but the bee always showed its 
ability to distinguish between differently colored slips of 
paper. Only one bee should be employed, for if there are 
two or three they will conflict and to some extent produce - 
confusion. 

For the purpose of comparison the following experi- 
ment, in which a larger number of colored slides was 
employed, was performed on the morning of September 
20, six days after the experiment just related. A black 
or German bee, instead of an Italian bee as before, was 
accustomed to visit a blue slide prepared as described 
above. After a number of visits had been made, the blue 
slide was moved to the right about seven inches, and a 
red slide put in its place. The bee returned to the blue. 

As soon as the bee left for the hive, the slides were 
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transposed. The bee returned to the blue. The bee again 
left for the hive and I transposed the slides. It returned 
to the blue. 

When the bee left for the hive, I transposed the slides 
for the fourth time. The bee returned to the red, which 
was now in the place occupied by the blue at the time of 
its previous visit. 

The bee left for the hive, but no change was made in 
the position of the slides. On its return it again sought 
the blue, showing that the influence of this color was still 
dominant, though it now knew from memory as well as 
from its visual and olfactory senses that honey was to be 
found on the red. 

A yellow slide was now placed upon the board about 
seven inches to the left of the blue. The order of the 
colors was yellow, blue, red, and their distance apart 
seven inches, The bee returned to the blue. When the 
bee left, I transposed the yellow and blue so that the order 
was blue, yellow, red. The bee returned to the blue. On 
the departure of the bee I again transposed blue and yel- 
low. The bee returned to the blue. 

When the bee left for the hive, a white slide was intro- 
duced and the distances between the slides reduced to four 
and one-half inches. The order of colors was yellow, 
white, blue, red. The bee on its return flew back and forth 
several times over the slides, and after hovering in the 
air for a few moments in hesitation alighted on the white. 

The bee left for the hive, but no change was made in 
the order of the slides; it returned to the blue. 

When the bee left, a black slide was substituted for the 
white one. The order of the slides was yellow, black, 
blue, red and the distances apart remained as before 
four and one-half inches. The bee returned to the yellow, 
but soon left it (perhaps disturbed by a fly) and returned 
to the blue. No change was made in the order of the 
slides, and the bee returned to the black. But on its next 
visit it again sought the blue. 

I now transposed the red and blue, bringing blue to the 


| 
any 
ie 
ie 
Wh 


678 THE AMERICAN NATURALIST [Vou. XLIV 


extreme right so that the order was yellow, black, red, 
blue. The bee returned to the blue. The red and blue 
were again transposed, the bee returned to the black, but 
soon left it for the blue. Black and blue were then trans- 
posed, the bee returned to the blue. I next transposed 
yellow and blue, bringing blue to the extreme left, the 
bee returned to the red. No change was made in the 
order of the slides, the bee returned to the yellow. The 
slides were again left unchanged, the bee touched on 
black, then on red, but finally alighted on blue. Red and 
blue were transposed so that the order of colors was red, 
yellow, black, blue. The bee returned to the black. No 
change was made in the slides, the bee returned to the 
blue. 

During the first five visits, when there were only blue 
and red slides, the bee returned four time to the blue and 
but once to the red. This single exception is not without 
value, since it shows that the bee had the power of choice, 
and that its behavior was not mechanical, or that of a re- 
flex machine. During the next three visits blue, red and 
yellow slides were employed and the bee returned every 
time to the blue. During the following thirteen visits 
four slides were used (blue, red, yellow, white in two 
visits; blue, red, yellow, black in eleven visits), and the 
bee naturally showed greater hesitation and an increas- 
ing tendency to visit other colors than blue. Still it took 
up its load eight times on blue to once on white, once on © 
red, once on yellow, and twice on black. In every in- 
stance where the bee selected another color than blue, it 
will be observed that it was after the slides had been 
transposed, or a color had been changed; and that with 
one exception it again returned to blue on the next visit. 
Of the total twenty-one visits fifteen were made to the 
blue, but not more than two to any other color. The bee 
steadily endeavored to remain constant to the blue, 
though this involved both loss of time and effort; and the 
number of exceptions is surprisingly few when we re- 
member that before the close of the experiment the bee 
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had learned from experience that there was an ample sup- 
ply of amber-colored honey on each of the four slides. 

The purpose of my next experiment was to determine 
whether bees could readily determine a colored slide from 
a plain glass one. On September 10, 1908, I accustomed 
a line of Italian bees to visit a yellow slide. I then moved 
it six inches to one side, and exactly in its place I put a 
glass slide, under which there was no colored paper. A 
small quantity of honey was placed on the center of each 
slide. During twenty minutes the bees were carefully 
watched, and twelve visits to the yellow slide were 
recorded. <A species of Vespa had built a nest not far 
away, and some of the workers also came to the yellow 
slide, and although they were an extraneous or foreign 
factor not directly connected with the experiment, their 
behavior was not without interest. Near the end of the 
time mentioned one of the wasps discovered the honey on 
the colorless slide and subsequently visited it. A bee 
attracted apparently by the presence of the wasp on this 
slide alighted beside it, but after a few moments flew 
across to the yellow. 

I now transposed the slides, the distance apart remain- 
ing six inches as before. During ten minutes the Italian 
bees made eight and the wasps nine visits to the yellow 
slide. Only one visit was made to the colorless slide and 
that was by a wasp. Another wasp alighted on the color- 
less slide for a few moments before going to the yellow. 
There were a number of visits made by flies, all of which 
were to the yellow. In this experiment not only was the 
colored slide easily distinguished from the one without 
color, but it was apparently more attractive not alone to 
the bees, which had been trained to visit it, but to inci- 
dental visitors such as the wasps and flies. There were, 
moreover, no exceptions to the fidelity of the bees to the 
yellow color, as there were in the earlier experiments, 
when they were given the choice between two colors. 

The preference of the bees for the yellow slide was, 
indeed, so marked that possibly it might be objected that 
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the plain glass slide was invisible, or at least very incon- 
spicuous. Such a supposition would be a mistake, for 
while it was certainly less conspicuous than the yellow 
slip, it could yet be seen clearly by the aid of reflected 
light and the amber-colored honey at a distance of more 
than ten feet. A year later on October 11, 1909, this was 
established by experiment. Two black bees were trained 
to visit a plain glass slide. While they were absent, the 
slide was moved six inches to the right, and a. blue slide, 
which owed its color to the floral leaves of the bee-lark- 
spur (Deiphinium elatum) was put in its place. One of 
the bees returned to the colorless slide. When it left I 
moved the colorless slide twelve inches to the right of the 
blue slide. In this position the bees visited it twice. I 
transposed the slides. Both bees returned to the colorless 
slide, and a little later one of them came again. As no 
visits had been made to the blue slide, there could be no 
question but that the bees saw the plain glass slide. 

As the result of his experiments with artificial flowers 
Plateau assumes that the artificial colors of paper or of 
cloth appear to bees of a different tint or tone than do the 
colors of natural flowers, which to human eyes are ap- 
parently of the same hue. My own investigations lead 
me to believe that this assumption is not well founded, 
and is not required to explain the behavior of bees under 
the conditions described by Plateau. The discussion of 
this question, however, would lead to too long a digres- 
sion from the subject under consideration, and must be 
deferred to some other opportunity. But in passing it 
may be remarked that the readiness with which Bethe 
and his followers assume new forces and powers to sus- 
tain theoretical positions is not a little amazing to the 
prosaic naturalist content to work with known factors.’ 

* Plateau, F., ‘‘Les insectes et la couleur des fleurs,’’ L’Année Psychol- 
ogique, 13, 77. ‘‘Comment les fleurs attirent les insectes,;’’ 5th part, Bull. 
Acad. roy. Bel., 3™° série, 34, 847-881, 1897. ‘‘Les fleurs artificielles et les 
insectes,’’ Mem. Acad. roy. Bel., 2™° série, 1, 3-103. 

* Bethe holds that the bees are led back to the hive by a wholly unknown 


force. ‘‘Dirfen wir Ameisen und Bienen psychische Qualititen zuschreib- 
en?’’ p. 77, Bonn, 1898. 
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There is the less need of delay for inquiring into this 
imaginary power of vision, since bees as easily distin- 
guish between the colors of flowers as between those of 
colored papers. 

As the result of more than twenty-six hundred experi- 
ments on the color sense of the honey-bee Hermann Miil- 
ler was convinced not alone that they could distinguish 
colors, but that they exhibited color preference.’ Instead 
of colored paper he made use of floral leaves, which he 
placed between two object slides, the edges of which were 
afterwards sealed with a soluble gum. The slides em- 
ployed by myself were made as follows: A grayish-white 
slip of cardboard three inches long by one wide was cov- 
ered with the yellow rays of a garden sunflower, over 
which a glass slide of the same dimensions was placed 
and tied firmly with black silk thread. In like manner a 
blue slide was prepared from the blue perianth of the 
bee-larkspur (Delphinium elatum), and a red slide from 
three bright red flowers of the Zanzibar balsam (Impa- 
tiens sultant). 

On September 29 I accustomed several yellow or Italian 

‘bees to visit the yellow or sunflower slide. The slide was 
then moved eight inches to the right, and in its place was 
put the blue slide made from the floral leaves of the bee- 
larkspur. There was a smali quantity of honey as usual 
on the center of each slide. At the same time I removed 
three of the bees, leaving only one. The time was 3 
o’clock p.m., and the slides were in the shade. The bee 
returned to the yellow. 

The bee left for the hive, and I transposed the slides. 
It returned to the yellow. 

The bee left for the hive, and I transposed the slides. 
It returned to the blue. 

When the bee left for the hive, no change was made. 

It returned to the yellow. 

As soon as the bee left for the hive I transposed the 
Miiller, H., ‘‘ Versuche iiber die Farbenliebhaberei der Honigbiene,’’ 


Kosmos, 11, 273-99. Reprinted as a separate by R. Friedlinder & Sohn, 
Berlin, 1883. 
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slides for the fifth time. Two bees returned, one of which 
alighted on the yellow, the other on the blue. There could 
be little doubt that the bee which alighted on the yellow 
was the one which was under observation. This decision 
was based partly on its appearance (young bees can easily 
be distinguished from old ones), and partly because it 
was probable that it would return to the yellow. Its sub- 
sequent behavior satisfied me that this conclusion was 
correct. The bee on the blue was removed. 

The bee on the yellow left for the hive and I transposed 
the slides. It returned to the yellow. 

The bee left for the hive and I transposed the slides. 
The bee returned to the yellow, but presently left it, de- 
scribed a few circles in the air, and then again settled on 
the yellow. 

The bee left for the hive, and I transposed the slides 
for the eighth time. The bee returned to the blue, but 
soon left it, and after circling around in the air alighted 
on the yellow, where it remained. 

The bee left for the hive and I transposed the slides. 
It returned to the yellow. 

During ten visits in only one instance did it take up its 
load on the blue. The dominant power of the yellow 
color is well shown in the case where the bee alighted on 
the blue, on which there was an abundance of honey, but 
soon left it for the yellow. In many other experiments, 
in which the red slide was used as well as the yellow and 
blue, the bees as easily discriminated between natural 
colors as between those which were artificial. 

On October 6 I performed the following experiment for 
the purpose of determining whether bees were more 
strongly influenced by a colored slide than by one without 
color. <A red slide, prepared from the bright red flowers 
of Impatiens sultani, an exotic from Zanzibar, was placed 
on a white box in the sun and about a dozen bees were 
permitted to visit it for some time. Each of the blossoms 
was an inch in diameter. At 10 o’clock in the morning a 
plain glass slide was substituted for the red one, which 
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was moved six inches to the right. There was a liberal 
supply of honey on the center of both slides. 

In a few minutes there were seven bees on the red slide 
and two on the colorless. The bees were now driven 
away, the slides transposed, and the distance apart in- 
creased to sixteen inches. Six bees and a fly (Hristalis 
tenax) soon came to the red slide, but only one bee came 
to the colorless. The number of bees on the red slide con- 
tinued to increase until there were about eight,® and it 
was difficult for some of them to reach the honey. In the 
meantime there were only two bees on the colorless slide. 

The bees were again driven away and the slides trans- 
posed, the distance apart remaining sixteen inches. At 
the end of a few moments there were eight bees on the 
red glass, and one bee on the colorless. The slides were 
transposed, and once more eight bees and the syrphid fly 
came to the red, and only one bee to the colorless. 

The bees were driven away, and the slides transposed. 
Very quickly five bees selected the red, and two bees and 
the syrphid fly the colorless. Later there were eleven 
bees on the red, and only two on the colorless. The bees on 
the red slide were so crowded that this may have had some 
influence in sending two of them to the colorless. The 
honey on the latter slide was amber-colored and could be 
seen at a distance of twelve feet, while at times its odor 
must have been stronger than that upon the red slide, 
since it was removed much more slowly. 

It may be objected that the very marked preference 
shown by the bees for the red slide was the result of their 
having been accustomed to visit it first. If one bee had 
been employed, this might be admitted, but in the case of 
so many bees, it is improbable, since they would naturally 
avoid continually crowding and interfering with each 
other. If, however, the objection is well founded, then 
they should continue to give the preference to the red 


° As the bees were closely bunched together, and were frequently coming 
and going, it was impossible at this moment to count the exact number 
within one. 
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slide, when a bright-colored slide is substituted for the 
colorless one. 

Accordingly a blue slide was substituted for the one 
without color, and at the same time the slides were trans- 
posed, the distance apart still remaining sixteen inches. 
The honey was disposed as a narrow band along the 
center of each slide in order that it might be more easily 
accessible to the bees. In ten minutes there were eight 
bees on the red and two on the blue. A little later there 
were ten bees on the red, and four bees and a wasp on the 
blue. 

The bees were driven away and the slides transposed. 
Ina few minutes there were three bees and a wasp on the 
red, and nine bees on the blue. Ten minutes later there 
were six bees and an Eristalis tenax on the red, and four 
bees on the blue. Two minutes later there were three 
bees and the syrphid fly on the red, and seven bees on the 
blue. Very quickly then after the blue slide was substi- 
tuted for the colorless one, the bees ceased to exhibit a 
preference for the red slide, and sometimes visited the 
red and sometimes the blue in larger numbers. This 
experiment thus affords evidence not only that bees can 
distinguish colors, but that they are also influenced by 
conspicuousness.?° 

The experience of apiarists furnishes very conclusive 
evidence of the power of bees to distinguish colors. The 
hives are sometimes painted different colors in order that 
the bees may mark their location with greater certainty 
and avoid entering the wrong hive. A bee-keeper de- 
scribes in Gleanings in Bee Culture how he painted his 
hives red, white and blue, in order that the bees might 
mark their location largely by color. I have, he states, 
adopted the red, white and blue plan, since 1880, and am 
so well pleased with the result that I am painting all my 
new hives this spring in the same colors. It enables the 
bees to avoid making mistakes and going into the wrong 


* Lovell, John H., ‘‘The Color Sense of the Honey-bee: Is Conspicuous- 
ness an Advantage to Flowers?’’ AM. NAt., 43, 338-349, June, 1909. 
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hives. If you remove a white hive, many of the bees will 
pass the blue one on the one side and the red one on the 
other side, and go into the white hives further on. This 
shows conclusively that bees mark the position of the 
hive by color as well as by its environment. 

I admit that where a few colonies are kept in one place there is very 
little danger of the bees mixing; but where you have long rows of hives 
in sheds, as we have in Salt River Valley, the three colors will avoid a 
great deal of confusion and save the lives of many bees and some young 
queens.” 


While this plan works admirably so long as the hives 
are not moved, it of course, gives very unsatisfactory 
results, if for any reason a hive is removed and one of 
another color is substituted for it. When a colony swarms 
naturally, says another apiarist, or is swarmed arti- 
ficially, or for any reason the old hive body is removed, 
unless the new hive is of the same color as the old hive 
many of the bees will not return to it, but will scatter 
among the hives nearest to the old location, which are of 
the same color as the hive which has been removed. For 
example if the dwelling of the parent colony was white 
and if at the time of swarming an attempt was made to 
put the swarm in a blue hive a large part of the bees 
would refuse to enter it and would fly away to the 
nearest white hive, with the result that the new colony 
was materially weakened. He, therefore, found it more 
convenient to paint all his hives one color.’? 

Another bee-keeper placed his hives in two house- 
apiaries, each containing 150 colonies. The three end 
hives at each end of the shed or house were painted green. 
If now all the green hives at one end were removed, the 
bees instead of entering the hives nearest to the old loca- 
tion, which were painted a different color, flew to the 


" Lessing, Wm., ‘‘ Painting Hives,’’ Gleanings in Bee Culture, 34, 1428, 


November 15, 1906. For this article I am indebted to Mr. H. H. Root, 
editor of Gleanings in Bee Culture. ~ 

” Kinyon, Irving, ‘‘Color of Hives; A Variety of Colors Undesirable,’’ 
Gleanings in Bee Culture, 35, 262, February 15, 1907. Mr. Kinyon writes 
me that about one third to one half of a swarm would thus be lost. 
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green hives at the other end of the house apiary, and tried 
to enter them, even though they were closed.'* 

These statements are confirmed by the experience of 
W. Z. Hutchinson, an authoritative writer on American 


apiculture. 

One spring I bought and brought home about forty colonies or hives 
painted a very dark gray, or almost lead color. They were set down in 
the apiary by themselves in four different rows. In the course of a 
few days I began transferring the bees from these hives into white 
hives, like the rest of the hives in my apiary. I took an end hive first. 
When the brood combs were set over into a white hive, and this hive 
set down where the old gray hive had been, the bees refused to enter it, 
but piled into the next hive in the row, which, of course, was gray like 
their old home. This hive was soon filled to overflowing, some of the 
bees hanging on the outside. I then transferred the combs from this 
hive to a white one, but the bees refused to enter it and piled into the 
next gray hive in the row. The hives were about three feet apart in 
the row. A bee is guided to its home by location as well as color, and 
after about four hives, or colonies, had been transferred, then some of 
the bees began to enter the new, white hives, as the gray hives were 
now so far from their old location that they perceived that they could 
not be their home. The same trouble was had in each row that was 
transferred.” 

An excellent illustration of the effect of differently 


colored hives is given by Buttel-Reepen: 


A weak afterswarm, mostly of young bees from a hive painted blue, 
dispersed among the masses of humming bees which were just taking 
their flight of orientation out of the other hives (which, as is usually 
the case in Germany, Switzerland and Austria, were standing close 
together), and settled here and there in little clumps. After a short 
time they flew back to the bee-house; but only a few found the right 
hive; the rest flew to other colonies, and to which? Only where a blue 
door invited them did they attempt an entrance but nowhere else. 
Unfortunately they were so hostilely received that the ground in front 
of all the hives marked blue was covered with dead bees.” 


The experience of apiarists, therefore, both in America 
and Europe furnishes indubitable evidence that bees by 


thousands readily distinguish colors. 

The experience of a neighbor of Mr. Kinyon and described by him in 
a letter to the writer. 

“ W. Z. Hutchinson, editor of Bee Keeper’s Review and author of ‘‘Ad- - 
vanced Bee Culture’’ in a letter to the writer. 

* Buttel-Reepen, ‘‘Are Bees Reflex Machines?’’ p. 38, translated by 
Mary H. Geisler. 
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Additional observations might easily be given, but those 
presented appear sufficiently conclusive. It has been 
shown that bees can distinguish between the colors of 
papers, of flowers, and of painted hives, and that they are 
more strongly influenced by a colored slide than by a 
plain glass one. It may well be doubted whether they 
would ever have been capable of making long journeys 
afield for nectar and pollen, if this visual power had been 
wanting. To those unfamiliar with the habits of bees, 
it will occasion surprise that the bee after it had dis- 
covered and began sucking honey on the red slide (to 
take for illustration the ninth visit of the first experi- 
ment) should have voluntarily ieft it and gone back to 
the blue for the larger part of its load. But its behavior 
in this instance is quite in accord with the principles of 
bee psychology. Bees, as Forel states as the result of 
his own and the experience of Huber, Buttel-Reepen and 
Wasmann, very rapidly form habits, and their attention 
becoming fixed by frequent repetitions is not easily di- 
verted.'® When the bee, which had been trained to visit 
the blue slide, alighted on the red, it was disturbed by the 
difference of hue and suffered a certain degree of mental 
disquietude, which was not allayed until it returned to the 
blue. : 

All of the higher Hymenoptera probably possess the 
power of distinguishing colors. This has been estab- 
lished for the social wasps of the genus Vespa by the 
interesting experiments of the Peckhams. One of their 
experiments very strikingly shows the value of color con- 
trasts, and effectively refutes Plateau’s assertion that all 
flowers might be as green as their leaves without their 
pollination being compromised. 

We once placed some dark red nasturtiums on light yellow paper near 
the nest, and found that more than one third of the homecoming wasps 
flew to them and hovered over them before entering. When light yellow 


nasturtiums, nearly matching the paper in color, were substituted only 
one out of thirty-six noticed them; and as the odor was as strong in 


* Forel, August, ‘‘ Ants and Some Other Insects,’’ translated by William 
Morton Wheeler, p. 20. 


it 
iB 
if 
| 
f 
by 
| 
q 
H 
4 
a 
if 
if 


688 THE AMERICAN NATURALIST — [Vow. XLIV 


one case as the other, it would seem that the color was the attracting 
force.” 

It remains to consider the numerous instances where 
bees visit indiscriminately the differently colored varie- 
ties of the same species of flower. Zinnia elegans dis- 
plays white, yellow, orange, red and purple varieties; 
Dahlia variabilis white, yellow, orange, red and purple; 
and Centaurea Cyanus red, white, blue and purple 
flowers. When visiting any one of these species for nec- 
tar bees pass freely from fiowers of one color to those of 
another. Plateau says: 

If in the case of the same plant species the varieties of distinct color 
are in equal quantities, the insects pass without order from one color 
to another.” 

One summer in my garden a single plant of the scarlet 
runner (Phaseolus multiflorus) produced pure white 
blossoms, which offered a striking contrast to the normal 
bright scarlet racemes; but honey-bees and bumblebees 
(Bombus terricola) visited both as though they had been 
of the same hue. Bees likewise ignore the differences of 
color in the white, rose-red, and purple flowers of Scabiosa 
atropurpurea. But this behavior on the part of bees 
furnishes no evidence whatever that they can not distin- 
guish colors. 

Honey-bees in collecting pollen and nectar are faithful 
as a rule to-a single species of flower—they exhibit 
‘* flower fidelity.’’ This is evidently for their advantage, , 
since if they were to pass continually from flowers of one 
form to those of another much time would be lost in locat- 
ing the nectar. Even whole colonies may follow this 
order. Mr. M. H. Mendleson, of Ventura, California, one 
of the largest honey-producers on the Pacific coast, re- 
lates that 


In 1884, one colony out of 200 gathered exclusively from an abun- 
dance of mustard bloom; the 199 gathered from the sages.” 

* Peckham, George W., and Elizabeth, ‘‘ Wasps Social and Solitary,’’ 
p. 6, 1905. 

* Plateau, F., ‘‘Les Insectes et la couleur des fleurs,’’ L’Année psy- 
chologique, 13, 78. 

” Mendleson, M. H., Gleanings in Bee Culture, October 1, 1908, 36, 1204. 


iy 
4 
4 
: 5 
a 
4 
q 
4 
4 
4 
d 
a 


No. 527] COLOR SENSE OF THE HONEY-BEE 689 


But if the species are closely allied in form and color, 
as among the buttercups, spireas and golden-rods, the 
bees do not carefully discriminate between them. Yet 
even in these genera the honey-bee often exhibits a re- 
markable power of distinguishing between allied species, 
even when they are of the same color. I have described 
in the American Naturaist how in an upland pasture 
honey-bees showed a marked preference for the flat- 
topped corymbs of Solidago lanceolata (Euthamia grami- 
nifolia) to the panicled inflorescence of S. rugosa. 

They were repeatedly seen to leave S. lanceolata, and after flying 
about but not resting on the flowers of S. rugosa return to the plants 
they had left only a few moments before. In another instance a bee 
was seen to wind its way among the plants of the latter species until it 
found an isolated plant of S. lanceolata. A plant of each of the above 
species was bent over so that the blossoms were intermingled, appearing 
as a single cluster; a honey-bee rested on S. lanceolata and it seemed 
very probable that it would pass over to the flowers of S. rugosa, but 
such was not the case, for presently it flew away to another plant of 
the former.” 

The bees must, therefore, have perceived differences 
between these two species of Solidago, though they occa- 
sionally ignored them. 

When a plant species displays variously colored 
flowers, it is obvious that they are alike in shape, odor 
and nectar, and differ in color alone. Under these cir- 
cumstances it is for the advantage of bees to pass from 
one color to another, and this they speedily learn to do. 
In an earlier paper I have pointed out that form is a more 
important factor than color in determining the visits of 
the long-tongued bees and butterflies.21_ This conclusion 
is confirmed by Dr. Graenicher in a very important con- 
tribution on the pollination of the Composite. After a 
careful comparison of the effect of tube length, color, 
and odor on the limitation of visitors, he says: 

It may be stated that according to the results obtained from a study 

* Lovell, John H., ‘‘The Colors of Northern Gamopetalous Flowers,’’ 
Am. Nat., 37, 453, July, 1903. 


* Lovell, John H., ‘‘The Colors of Northern Gamopetalous Flowers,’’ 
Am. Nat., 37, 452 and 477-8, July, 1903. 
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of our Composite the proportion of short-tongued to long-tongued 
visitors in these flowers is determined by tube length more than by any 
other character of the flower.” 

In the flowers under consideration the important bar- 
rier of difference in form is absent. 

In the following experiment it is shown how a bee soon 
learns to visit colors indiscriminately. On September 22 
after a black bee had been accustomed to visit a slip of 
blue paper, a series of seven differently colored slides 
were arranged in the following order: black, green, blue, 
purple, red, white, yellow, orange. The slides were three 
inches apart, or twenty-two inches from end to end; and 
there was a small quantity of honey on the center of each. 
The bee returned the first time to the blue, the second 
time to the purple, the third time to the purple, the fourth 
time to the blue, the fifth time to the purple. It will be 
observed that the bee ceased at once to discriminate be- 
tween the blue and the purple—the two slides being ad- 
jacent and allied in color. On its fifth visit before alight- 
ing the bee hovered over the different colors for many 
seconds, and later left the purple for the red, whence 
after a brief stop it flew away to the hive. 

During the next three visits the bee devoted much time 
to the examination of the slides, but subsequently it paid 
little attention to the colors. When the bee returned 
from the hive, it flew about for a long time, touched on the 
orange, but immediately left it and went to the blue. On 
its seventh visit the bee after describing a few circles in 
the air, touched on the red, then on the blue, went back to 
the red, and finally stopped on the blue. The colors were 
arranged in the following order: black, red, blue, white, 
green, orange, purple, yellow. On its eighth journey be- 
fore alighting the bee flew from the vicinity of the blue 
over to the yellow and back to the blue where it remained. 
There could be no doubt that it was examining the slides, 
as it flew close to them touching them at times. 

I transposed the blue and green slides so that the order 


*Graenicher, S., ‘‘ Wisconsin Flowers and their Pollination—Compos- 
ite,’’? Bull. Wis. Nat. Hist. Soc., 7, 42, April, 1909. 
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was black, green, white, blue, orange, purple, yellow. On 
its ninth visit the bee returned to the red; on the tenth to 
the green, then going to red and white, but finally coming 
back to the green. On its eleventh and twelfth visits the 
bee returned to the blue. I transposed the blue with the 
yellow and the red with the purple so that the order of 
the colors was black, purple, green, white, yellow, orange, 
red, blue. The thirteenth and fourteenth visits were 
made to the yellow, the fifteenth to the white, the six- 
teenth and seventeenth to the yellow, the eighteenth and 
nineteenth to the blue—on the last visit it was disturbed 
by a wasp and went to the orange. The twentieth visit 
was to the yellow, the twenty-first to the green, and the 
twenty-second to the yellow. 

It is evident that at the beginning of this experiment 
the behavior of the bee was widely different from what 
it was at its close. Habituated to visit the blue slide, it 
continued constant to this slide or the allied purple dur- 
ing its earlier visits; though again and again by means of 
its visual and olfactory senses it examined and compared 
the other slides, as has been described. Repeated trans. 
positions of the blue paper gradually weakened its fidelity 
to this color, until at last similarity of form, honey and 
odor prevailed over dissimilarity of color, and the bee 
visited the slides indiscriminately. This result might 
also have been brought about by permitting the bee to 
remove all the honey from the blue slide, when it would 
have turned from necessity to one of the other colors. 
This is no doubt what happens in nature. A bee finds 
usually in one flower only a portion of its load of nectar, 
and so is compelled to examine other blossoms, which, if 
they are alike in form, it will soon visit without order 
even though they differ in color. If there are a number 
of bees, their efforts to avoid visiting the same slide or 
flower will greatly hasten the breaking down of the color 
barrier. In a location frequented by a few bees for honey 
I put out the following series of colors: white, blue, green, 
black, red orange, purple. In a few minutes there was a 


4 
i 
& 
i 
i 
ii 
( 


692 THE AMERICAN NATURALIST [ Vou. XLIV 


bee on every coior save black and orange, and a little 
later there was a bee on each of these slides. The tota! 
number of bees was twelve. 

That bees can by the aid of their sense perceptions 
draw ‘‘ simple instinctive inferences’’ has also been 
shown experimentally by Forel. In a bed of dahlias 
of various colors he mounted red, white and blue paper 
flowers, in each of which was placed a drop of honey. A 
red, a white flower and a rose-colored piece of paper with 
a dry dahlia dise were each brought to the attention of a 
bee. Thenceforth these three bees, which were marked 
on the back with blue, yellow and white paints, returned 
regularly to the artefacts and no longer visited the 
dahlias. 

The painted bees entirely of their own accord, undoubtedly through 
an instinctive inference from analogy, discovered the other artefacts as 
soon as their attention had been attracted by the honey on one of them, 
notwithstanding the artefacts were some distance from one another and 


of different colors. For were not the dahlias, too, which they had pre- 
viously visited of different colors? . . . It would be a fallacy to con- 


clude from this that they do not distinguish colors.” 


CoNcLUSIONS 


Bees easily distinguish colors, whether they are arti- 
ficial (paints, dyes, ete.) or natural (‘‘ chlorophyll ’’) 
colors. 

Bees are more strongly influenced by a colored slide 
than by one without color. ; 

Bees, which have been accustomed to visit a certain 
color, tend to return to it habitually—they exhibit color 
fidelity. 

But this habit does not become obsessional, since they 
quickly learn not to discriminate between colors when 
this is for their advantage. 


* Forel, August, ‘‘ Ants and Some Other Insects,’’ translated by William 
Morton Wheeler, p. 27. 


SHORTER ARTICLES AND DISCUSSION 


THE ARITHMETIC OF THE PRODUCT MOMENT 
METHOD OF CALCULATING THE COEFFI- 
CIENT OF CORRELATION 


In view of the increasing application of refined statistical 
methods to scientific problems of all kinds it seems highly de- 
sirable to point out any simplification of arithmetical method 
which may lighten the necessarily formidable labor of caleula- 
tion. 

The statistical constant which has proved a most powerful 
tool in many fields of work is the coefficient of correlation. Be- 
sides the contingency constant’, the correlation ratio? and the 
well-known four-fold table and product moment methods, sev- 
eral alternative processes of determining correlation in the case 
of special data have been suggested. In recent numbers of 
Science Dr. Boas* and Professor Pearson® have discussed the 
formule to be used in the calculation of r, and in another place 
I have suggested methods® which in some cases materially 
shorten the labor of calculation. 

When the nature of the material permits, the best method of 
calculating correlation is the product moment one. 

As conventionally described in the books,’ this requires for the 

‘ Pearson, K., ‘‘On Contingency and its Relation to Association and Nor- 
mal Correlation,’’ Draper’s Co. Research Memoirs, Biometric Series, 1, 1904. 

? Pearson, K., ‘‘On the General Theory of Skew Correlation and Non- 
linear Regression,’’ ibid., 2, 1905 . 

’ For instance, K. Pearson, ‘‘On Further Methods of Determining Corre- 
lation,’’ ibid., 4, 1907; K. Pearson, ‘‘On a New Method of Determining 
Correlation,’’? Biometrika, Vol. VII, pp. 248-257, 1910; K. Pearson, ‘‘On 
a New Method of Determining Correlation,’’ Biometrika, Vol. VII, pp. 
96-105, 1909. 

*Boas, F., ‘‘Determination of the Coefficient of Correlation,’’ Science, 
N. S., Vol. XXIX, pp. 823-824, 1909. 

5 Pearson,-K., ‘‘ Determination of the Coefficient of — Science, 
N. 8., Vol. XXX, pp. 23-25, 1909. 

Harris, J. Arthur, ‘‘A chert Method of Caleulating the Coefficient of 
Correlation in the Case of Integral Variates,’’ Biometrika, Vol. VII, pp. 
214-218, 1910. 

*Yule, G. U., the Theory of Correlation,’’? Jour. Roy. Stat. Soc., 
Vol. LX, p. 812; Davenport, C. B., ‘‘ Statistical Methods’’; Elderton, W. P., 
‘<Frequency Curves and Correlation.’’ 
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calculation of S(xy): (a) the writing down on the margin of the 
correlation table of an assumed mean, V,, of both the x and the 
y characters, and the plus and minus deviations of the different 
grades from these origins; (b) the entering in the body of the 
table of the products of the deviations of the several classes of x 
and y from their respective assumed means, care being taken to 
regard sign, (c) the summation of the products of the class fre- 
quencies of x and y by the first two powers of their deviations 
from their assumed means; (d) the multiplication of the fre- 
quencies in the table by the products of the deviation of x and y, 
and the summation of their products, with regard to signs. 
This gives 
S(x’), S(x”*), S(y’), Sly”), N= de, | 
S(y’)/N=dy, S(y*) and S(x’y’), 


from which we may obtain the moments and the products mo- 
ments about their true means by the use of the formule: 


= V v,/ d,?, 
— dy?*, 
S(ay) = S(2’y’) — Ndzdy, 
r= S(ry) | 


Frequently there are several possible ways of carrying out the 
arithmetic for a given formula, and the one chosen is largely de- 
pendent on the mental and mechanical traits of the computer. 
Personally I have found the process described rather cumber- 
some, and in using it—especially through the hands of assist- 
ants—have found slips coming into the work with unfortunate 
frequency. 

The chief difficulty lies in the fact that the products of the 
deviations of x and y from their assumed means must be written 
down as indices to the frequencies in the body of the table itself. 
This requires considerable time if the table be at all large, and 
there is no way of checking the results for blunders except to 
go over the entire process again. After this has been done, all 
the multiplications of the frequencies into their indices must be 
carried out and the products summed. If the ranges of variation 
be at all large, say even no higher than 20 classes each, one may 
have to multiply some frequencies by such products as 63, 64, 
72, 81, ete., and the labor becomes rather great. 

Now since the formule given above enable us to refer the 
moments or the product moments taken about any arbitrary 
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point or origin to the true means, I have found the following 
method to result in a material saving of time and energy. 

If for y arrays of integral variates* we take 0 instead of the 
grade thought to be nearest the mean as the origin, we at once 
obtain the total for the array by summing the products of the 
frequencies by their grades. By multiplying up by the grade of 
x character we at once obtain S(2’y’). 

I illustrate by a table showing the relationship between the 
number of ovules formed and the number of seeds developing 
per locule for a series of pods of Hibiscus Syriacus taken in the 
Missouri Botanical Garden in the autumn of 1907. Table I gives 


the data. 
TABLE I 
0 1 5 6 7 | 8 | 9 | Tota. 
4 12 12 21 17 — 67 
5 63 | 115| 127; 146] 153 687 
6 732 | 1,148 | 1,415 | 1,598 | 1,865 | 1,829 | 1,212 | — | — |—] 9,799 
7 208 | 350; 450; 635) 690; 714 | 433| — 4,005 
8 112} 208; 244; 368; 395 | 255 | 151|— 2,359 
Total | 1,129 | 1,839 | 2,319 | 2,535 | 2,986 | 2,975 | 2,324 | 697 | 156 | 5 | 16,965 i 


Ovules per locule==2, seeds per locule=y 


The total number of seeds developing for each ovule-class is 
found with great ease and rapidity by multiplying the frequen- 
cies by the number of seeds per locule and summing at the same 
time on the machine.® This gives Table II. By multiplying the 


TABLE II 
Class. | Total Seeds. 
3 | 3 3 

4 67 125 

5 | 687 1,834 

6 | 9,799 32,649 

7 4,005 16,130 

8 | 2,359 10,047 

9 45 229 

Totals 16,965 61,017 


totals of seeds by the number of ovules in the locules in which 

they were produced and summing at the same time we find 
S(a'y’) = 400,920. 

®The method is applicable to graduated variates as well, since in the 


process of calculation the centers of the classes are taken as integral. 
°T use a Brunsviga. A comptmeter will serve well for this. 


| 

| 
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To complete the calculation of the correlation r,,, we require 
only Ay, As, oo, os. Taking the origin at 0 for both of these char- 
acters’? and multiplying and summing at the same time, as 
we did before, we get: 
S(x’) == 109,818, S(x/”) 721,904, 
S(y’) =61,017, S(y’*) = 284,287, 
S(x’) | N= 109,818/ 16,965 = 6.4732 — Az, 
S(y’)/N= 61,017/16,965 — 3.5966 = A), 


o,—V .80629, 


oy = VS(y) | N— = 1.95485, 


— WN— AoAy 
Vey = 


2223. 


Now I think, notwithstanding these large numbers,"! there has 
been a material gain in facility of caleulation. The writing 
down of the indices showing the products of deviation has been 
entirely avoided. The direct calculation of the totals of arrays 
is easy, and it is only one short step further to obtain the means 
of arrays for testing linearity, either by the sensible agreement of 
empirical and theoretical means, as shown by a graph or by the 
application of Blakeman’s test to y?—1*. Note also that in the 
conventional method of obtaining S(z’y’) there is no way of 
checking the work except to go over it independently. In the 
method here described the larger part of the work of obtaining 
S(a2’y’) is at once checked by the fact that the sum of the totals 
of the y arrays=—S(y’). The final multiplication and summa- 
tion is very quickly verified. : 

There are advantages in the method beyond these indicated by 
this illustration. 

Suppose that one wishes to correlate between a first character 
and a number of repeated characters and their sum. This some- 
times happens in work on fertility. Take as an illustration a 
table’? showing the relationship between the length of the fruit 
and the number of cvules on the two placente in the bloodroot, 

Where the range is great it may pay to use the conventional method 
in calculating the standard deviations. Of course it is quite immaterial for 
the method of calculating r suggested here, how the constants of the two 
variables are deduced. 

“JT have purposely chosen an illustration giving large numbers. The 
series of observations with which we are dealing here is larger than is 


generally available in biological work. 
2 Table IV, 1907, Biometrika, Vol. VII, p. 335, 1910. 


° 
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TABLE III 


Length. Total Ovules. Length. Total Ovules. 


21-23 19 45-47 
24-26 94 48-50 
27-29 636 
30-32 1,922 
33-35 4,442 
36-38 5,106 
39-41 4,590 


total numbers of ovules produced for each length-class. 
=1,217,367." 


We now calculate the correlation for the length and ovules per 
placenta or length and total ovules at pleasure. In the first class 
we have 

(1,217,367 /2000) — 39.703 14.952 
6.30704 < 4.61361 


:.517 + .016, 
and in the second 


(1,217,367/1000) — 39.703 29.904 _ 
Biss 6.30704 9.05447 = .527 + .015. 


Again, a worker may have the means and variabilities for two 
characters p and q, and wish to obtain the correlation without 
trouble of preparing a formal table. He simply seriates his ecards 
according to the p character, sums the values of the associated q 
characters and writes down grades of p and the associated totals 
in a table like II or III. The remainder of the work is as illus- 
trated above. 

Or, finally, in short series may be very quickly calculated by 
summing the product of the values of the two characters of the 
individuals, dividing by the total number, subtracting the prod- 
uct of the two means, and dividing the result by the product of 
the two standard deviations. 

% This number looks rather formidable, but it is read directly from the 
Brunsviga and can be verified in two or three minutes. Had we centered 
the length at class 36-38 and the number of ovules at 20, and worked by the 
conventional method we should have had to calculate and write on the cor- 
relation surface nearly 200 of the products of the deviations of the x and 
y characters from their assumed means. Some of these are rather large and 
there is no way of checking the work except to go over it independently. 
All this is obviated by the method suggested here. 


0.7) 
3,615 
2,564 
965 
442 
458 
119 
Ola yUUU 29,904 
Sanguinaria Canadensis. Table III gives the frequency and the 
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The best illustration I have is from Apstein’s't work on Mysis. 

Table IV shows the body length in millimeters and the number 
of eggs and embryos for a series of 52 individuals taken Feb- 
ruary, 1904, and Table V the same characters for a series of 24 
taken at all other times in 1904 and 1905. 


TABLE IV TABLE V 


Length and | Length and | Length and Length and Length and Length and 
Eggs. Eggs. | Eggs. ges. Eggs. Eggs. 


13-9 16-17 | 18-23 | 20-66 12-27 | 19-25 
14-9 16-21 | 1824 | 21-26 14-20 19-26 
15-11 | 16-23 | 18-35 21-34 14-21 | 19-35 
15-13 17-16 | 18-36 21-48 14-28 19-51 
15-18 | 17-16 | (19-26 | 21-51 15-11 | 19-77 
15-16 | 17-16 | 19-40 21-51 15-17 | 20-16 
16-13 17-18 | 19-45 21-58 15-45 20-27 
16-14 17-19 20-30 21-62 16-11 20-47 
| 17-28 21-43 

17-26 22-15 

23-36 


20-39 | 22-24 17-12 
2048 | 22-47 17-24 


| 18-22 
| 18-22 


17-28 | 20-49 | 22-68 18-13 


| 

20-51 | 22-71 18-17 | 
20-58 23-67 18-21 | 


The range of both characters is large. If one were to prepare 
a regular correlation table (omitting all unnecessary columns 
and rows) he would have tables of 341 and 222 compartments 
for the 52 and 24 observations! 

Multiplying out with the help of the first two pages of Bar- 
tow’s tables for the higher squares, we find for the first series: 
S(a’) = 946; S(x’ ) 17,516; S(y’) —1,623; 67,089. 
S(2’y’) = 31,4382; N =52 whence 


r= [S(2x’y’) N— 18.1923 31 2115] / (2.4261 17.7768) — .85. 


For the second series S(a’) == 424; S(a’") = 7,672; S(y’) = 665; 
S(y'*) = 24,149; S(a’y’) 12,018; N24, whence 


r= [S(2’y’) | N — 17.6667 X 27.7083] / (2.7487 < 15.4420 = .26. 


The professional statistician will note that mathematically 
there is nothing novel in the methods suggested. But I have 


* Apstein, C., ‘‘ Lebensgeschichte von Mysis mixta Lillij,’’ Wissenschaft- 
liche Meeresuntersuchungen, Abteilung Kiel, N. F., Bd. TX, s. 241-260, 1906. 

I give Apstein’s data merely as an illustration of a method of calecula- 
tion. Not only are the numbers too small for biological conclusions of much 
value, but the series are more or less heterogeneous, coming as they do from 
several stations. Apstein’s own conclusion from his data is ‘‘Dass die Zahl 
der Embryonen nicht so von Salzgehalt als von Grésse der Mutter abhangig 
ist.’? 


16-17 
16-17 | 
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found them a great service, and since I have never seen them in 
use by other calculators it seems worth while to direct attention 
to them. 
J. ARTHUR Harris. 
CoLp Harsor, L. I., 
August 27. 


%In some respects Hardy’s summation method described in detail by 
Elderton in ‘‘ Frequency Curves and Correlation’’ is similar, but I believe 
that the one here proposed requires less labor. 


NOTES AND LITERATURE 
SCHLOSSER ON FAYUM MAMMALS? 


A Preliminary Notice of Dr. Schlosser’s Studies upon the Collec- 
tions made in the Oligocene of Egypt for the Stuttgart Museum, by 
Herr Markgraf.—The most interesting points are the much greater 
variety of Hyracoidea, including both bunodont and _ buno- 
selenodont types, and the presence of true Primates, which the 
author refers quite positively to the Anthropoidea. The fauna 
is also shown to include Chiroptera and Insectivora, the one order 
represented by the humerus of a large vampyroid bat, Vampy- 
ravus, the other by a lower jaw, Metoldobotes, compared with 
the somewhat problematical Proglires. 

The Primates are represented by three lower jaws, M@ripith- 
ecus, Parapithecus and Propliopithecus, the two latter sufficiently 
complete to indicate the dentition, which is typically primate, 
although in the reviewer’s opinion the material is not adequate 
to prove their reference to the Anthropoidea, still less to assert 
that the last genus is ‘‘not only the ancestor of all the Simiide, 
but probably also of the Hominide.’’ If the author had stated 
that the Oligocene ancestor of man probably had lower teeth like 
those of Propliopithecus, the conclusion might well be accepted. 
But the corollary of Schlosser’s statement is that we have found 
the Oligocene ancestor of man and that he lived in Africa. The 
evidence is not adequate to warrant any such conclusions. Dr. 
Schlosser has perhaps no intention of drawing them. But others 
will promptly do so, and add a little more to the top-heavy and 
ill-balaneed superstructure of speculation and hypothesis which 
obscures the little that we really do know about the ancestry of 
man and, to a less extent, what we know of the ancestry of most 
other animals. 

The Hyracoidea are discussed at some length. Besides the 
more typical Saghatheriide of Andrews, with bunoselenodont 
teeth, Schlosser refers to here as a distinct subfamily, the prob- 
lematical Geniohyus of Andrews and defines three new genera, 
Pachyhyrax, Mixohyrax and Bunohyraz, intermediate between 
the two extremes. Six new species are named, but without hint 
of description. As the paper is avowedly published in order to 

1 Uber einige fossile Saiugethiere aus dem Oligocin von Agypten,’’ von 
Max Schlosser, Miinchen, Zoologischen Anzeiger, Bd. XXXV., Nr. 15, vom 
1 Marz, 1910. 
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secure priority for the results of Dr. Schlosser’s studies over the 
concurrent investigations of other authors, it is unfortunate that 
other authors, however well disposed, can not accept his species 
as of this date, without violating the rules of nomenclature. 

Of more importance than questions of priority is Dr. Schlos- 
ser’s estimate of the affinities of these Fayim Hyracoids. They 
differ widely from modern Hyraces in the general form and 
proportions of the skull (and are singularly like pigs and anthra- 
cotheres—W. D. M.) but agree very nearly in the basicranial 
foramina and jaw articulation, as also in the general construc- 
tion of carpus and tarsus; the feet are, however, more specialized 
(as might be expected in view of the larger size of the animals). 
They are not directly ancestral to the modern Hyracide, but 
Pliohyrax of the Pliocene of Samos is apparently descended 
from Saghatherium. 

The author regards the Hyracoidea as having no near rela- 
tions with any other order except the Condylarthra, and as in 
certain important features cited they are more primitive than 
any known Condylarth, the relationship can not be very close 
even here. He disbelieves in the affinity to Arsinoitherium sug- 
gested by Andrews, holding that this genus is related to the 
Amblypoda. Any relationship of the Hyracoidea to the Probos- 
cidea through Meritherium must be limited to a common deriva- 
tion from Condylarth ancestry. He agrees with Sinclair that 
the Hyracoids have no real affinity with the South American 
Toxodonts and Typotheres (which, however, can equally well be 
derived from Condylarth ancestry—W. D. M.) and _ protests 
strongly against the names given by Ameghino to several South 
American genera indicating Hyracoid affinities which Dr. 
Schlosser regards as a baseless hypothesis. (But to name a 
genus in indication of its supposed affinities, often subsequently 
proved erroneous, is so common a procedure, that it is hardly 
fair to condemn the Argentine paleontologist for following it. 
The eight new genera named in this paper are every one of them 
designated in accord with the author’s hypothesis as to their 
relationship, and several of them at least may turn out to be 
seriously misleading —W. D. M.) 

Among the Carnivora, two new species of Apterodon are men- 
tioned, one of which is adequately described, and the prob- 
lematie genus Ptolemaia Osborn is discussed and considered as a 
highly specialized offshoot of Cynohyanodon. (The teeth of this 
genus are very peculiar, however, and are more suggestive of 
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Insectivore or even Teniodont affinities than of Hyznodont de- 
rivation. They certainly can not be derived from those of Cyno- 
hyenodon.—W. D. M.) 

A united scapholunar bone is considered to represent a gi- 
gantic undescribed Creodont ‘‘vielleicht eine Palwonictis oder 
eine Pachyena.’’ (It does not appear, however, why Dr. 
Schlosser should suggest the presence of these genera. In 
Pachyena the seaphoid and lunar were certainly separate, nor is 
there any evidence nor probability that they were united in 
Paleonictis; both genera are of Lower Eocene age, and belong 
to families of Creodonta of which no trace has been found in the 
Fayiim fauna or in the Oligocene epoch, and in which the seaph- 
oid and lunar were never united, so far as we know; on the other 
hand, we know that the Hyznodonts were represented by several 
genera in the Fayiim and are the only Carnivora positively 
known in this fauna; they are the only family of Creodonts 
known to survive into the Oligocene, and in Hyawnodon, at least, 
the scaphoid and lunar were sometimes united. The probabil- 
ities, therefore, are greatly in favor of this scapholunar repre- 
senting a large Hywnodont.—W. D. M.) 

The presence of Chiroptera in the fauna is an interesting pos- 
itive addition. The same degree of certainty does not attach to 
the Insectivora, since the Proglires with which Metoldobotes is 
compared are a group of somewhat doubtful boundaries and 
affinities. If the Fayim genus is really related to Olbodotes 
Osborn (‘‘Oldobotes,’’ Schlosser) it is a point of some interest. 
Olbodotes and the almost identical Mixodectes form a charac- 
teristic group of the Basal Eocene fauna of North America. As 
Osborn has repeatedly insisted, this fauna was not the source of 
the later Eocene faune in North America, except for a few 
groups like the Phenacodonts, Coryphodonts and Uintatheres, 
which gradually disappeared through the course of the Eocene. 
There is strong support for the hypothesis that it was the source 
of the early Tertiary faune of South America which developed 
in isolation along lines partly parallel with the development of 
the great Holarctic fauna. The autochthonie element of the 
early Tertiary fauna of Africa may be derived in a correspond- 
ing manner, except that the isolation was not so prolonged or else 
not so complete. The Cernaysian and Puerco-Torrejon faune 
as known appear to be parts of the same regional fauna, the 
Paleocene Holarctic. The derivation of Hyracoids, Arsinoi- 
theres, Proboscidea, ete., from this fauna is conjectural because 
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we have no intermediate stages. But the discovery of less pro- 
gressive and specialized descendants of Paleocene Holarctie ani- 
mals in the African Oligocene would lend support to this con- 
jecture. Unfortunately, Metoldobotes is referable to a group of 
disputed affinities in which the dentition is a treacherous and un- 
certain guide, the reviewer feels obliged to accept the reference 
with reserve; but it is well to point out its significance if con- 
firmed. 

The rodent genera described by Osborn are regarded by 
Schlosser as obviously related to Theridomys and Trechomys 
of the European Eocene and Oligocene, the relationship being 
confirmed by the discovery of an upper jaw. (Osborn compared 
the originals with specimens of these and other European genera, 
mostly identified by Dr. Schlosser, expecting to find the affinities 
close; but the most that the evidence warrants is that they prob- 
ably belong to the same family. There are genera of several 
other families of rodents which approach the Theridomyid pat- 
tern and dentition as closely as do Phiomys and Metaphiomys of 
the Fayim.) 

The foregoing review may appear perhaps unduly critical. 
But there is an increasing tendency in scientific work towards an 
uncritical acceptance of the views and conclusions set forth in 
the work of special research. It becomes peculiarly incumbent, 
therefore, on those who are engaged in such work to avoid over- 
positive statements or conclusions based upon inadequate evi- 
dence. 

Conservative statement and open-mindedness are essential to 
the permanence of scientific theory. And from Dr. Schlosser, 
who is justly regarded as one of the greatest living authorities 
upon Tertiary mammals, we may fairly demand an exceptional 


degree of conservatism. W. D. MatrHew. 
AMERICAN MUSEUM OF NATURAL HISTORY. 


THE OPHIDIAN GENUS GRAYIA 

Dr. C. B. Davenport,’ writing on the imperfection of domi- 
nance, has recently remarked that ‘‘the weakened character 
may be retarded in development so that it fails to appear at 
the normal period but develops later. Thus Lang found hybrids 
between red and non-red snails to be at first non-red but finaliy 
red.2, Some authors have spoken of this as reversal of domi- 

* American Breeders’ Magazine, Vol. 1, p. 40. 


* Helix nemoralis var. libellulo-rubella; ef. Taylor, ‘‘Monog. L. & F. W. 
Moll. British Is.,’’ part 17, p. 304. 
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nance, and even Bateson uses this terminology in his latest 
book. But this is obviously an unfortunate term if domi- 
nance means the presence of a quality. For, a given qual- 
ity, that is due to the absence of a factor, like blue iris [of 
the eye] color, can not be at one time recessive and at another 
dominant. If a blue iris appears where brown is expected, the 
clear reason is that brown pigment has merely failed to develop 
and is potentially present. A similar case occurs in hybrids be- 
tween albino and some buff birds; the chicks have a pure white 
down, only later acquiring the black and buff of the adult 
plumage.”’ 

Dr. G. A. Boulenger* has recently published a very interest- 
ing paper on Grayia, a genus of African snakes, in one of which 
the pattern of the young appears to be completely reversed in 
the adult. In the young of Grayia ornata (Bocage) var. furcata 
(Moequard) the body is black, with broad whitish or greyish 
cross-bands, which bifureate below on each side, so that in lateral 
view the snake is ornamented with a series of reversed Y’s 
Each Y is slightly speckled with black about the middle line. 
As the animal grows, the black ground-color gradually changes 
to grey or brown, owing I suppose to the increase in size without 
any corresponding increase in pigment-production. The Y’s, on 
the other hand, show more and more black, until they have only 
a light edge, while in the adult even this disappears, and we 
have then a series of perfectly black markings on a grey ground, 
in place of similar light markings on a black ground. This case 
is curiously suggestive of those cited by Dr. Davenport, and also 
interesting as showing that the black markings of the adult are 
not simply superimposed over the grey or brown, but occupy an 
area which, but for the black would be pale. This reminds one’ 
of the case of the English poppy, which has black spots on red 
petals, but when the black drops out, as in the Shirley variety, 
white spots appear. The condition found in the snake can hardly 
be explained by the simple proposition that the animals are 
heterozygous for the color of the markings, the black being 
dominant. In this case, we ought apparently to find a certain 
proportion of recessives, which would retain light Y’s to the last. 
Possibly such oceur, but have not been recorded. It seems more 
likely, however, that tardy development of a pure character here 
simulates the behavior frequently found in crosses. Incidentally, 
we may note also the suggestiveness of the case in relation to 
the development of ocelli. T. D. A. CocKERELL. 

® Proc. Zoological Soc. London, 1909, pp. 944-952. 
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